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üBSTJit^ CT OF Tmbib.
The grasslaiids ox the central region of the North Dovvxie 
were surveyed and areas were found which do not appear to 
correspond in floristic composition to those described by other 
workers. Historical factors were believed to be important in 
üeteimining the development of the anomalous sites, and 
investigations have been made both verbally among local farmers, 
and by reference to old maps and books to determine the time and 
nature of the land utilisation and the duration of natural 
reversion of these areas. It became possible to classify the 
anomalous areas according to the type of treatment to which they' 
had been subjected.
AS many disturbed sites as possible were found, and areas of 
old grassland dominated by Bromus erectus and Festuca ovina were 
found in comparable situations of exposure and aspect for 
comparative purposes. All types of site have been subdivided 
according to aspect and species records made at the different 
seasons and frequency figures allocated by subjective methods.
The thesis falls naturally into two parts. The first, 
dealing with a comparative study of the engiosperm components, 
and the second dealing with the bryophytes, attention being paid 
to the effect of aspect and exposure.
Some very preliminary investigations have been made on the 
soils of the different sites.
The appendix deals vdth some pilot experiments on the 
culture of some of the more critical bryophytes in the areas 
with a view- to determining some of the factors controlling their 
restricted distribution.
CONTENTS
I. General Review of Previous Investigations on
chalk grasslands, p,l-2
II. General Introduction, p#3-5
III, Historical Background of the North Downs, p.6-25
(il Historical distribution of Woodlands.
(ii; General Historical Record of Land 
Utilization.
(iii) Histories of Anomalous areas of chalk
Downland which have been successfully 
ascertained.
IV, Method of Investigation. p.26-28
V, Aspect, Slope and Exposure in Relation to
the Field layer, p.28-29
VI, Conditions offered by the types of habitat
under consideration, p.29-33
(i) The Old Grassland habitats,
(iil The Old Exarable habitat,
(iii) Cleared scrub and destroyed woodland,
(iv) Ley Fields,
VII. Consideration of the Herbaceous Species.
A. General Constancy or percentage
occurrence of herbaceous species in 
the downlands of the region.
p. 33 
p.33-34
B. Consideration of the Species with a 
constancy greater than 1. p.34-40
C. Consideration of the oocurrance of 
the Rarer Species. p.40-42
D. Int ermediat e Exarable. p.42-43
E. Old ex Woodland. p.43-
F. Ley Fields. p.44
G. Discussion. p. 44-51
VIII. Species Associated with Turf Destruction 
by Grazing. p.51-52
IX. Road Cuttings. p.52-53
X. Consideration of the Woody Species. p.53-55
XI. The Downland of East Kent. p.56
XII. Preliminary Investigation on Soils of the
Different Habitats. p.57
SUMMARY
I. GENERAL REVIEW OF PREVIOUS INVESTIGATION ON CHALK GRASSLANDS 
Chalk grassland communities offer much interest to the 
plant ecologist and in spite of their great variability in 
species composition they are quite a distinctive and 
recognisable entity. Already a substantial volume of 
literature has been published on various aspects of their 
ecology. A good deal of this work is incorporated in the 
series of papers entitled "Studies on English Chalk" to be 
found in the Journal of Ecology. A.G. Tansley and R.S.
Adamson have contributed much to these studies, both 
individually and in co-operation, and have investigated the 
Sussex and Hampshire Downs. Their work includes a study of 
the chalk on the Sussex-Hampshire borders in which the 
succession from solid bare chalk and chalk talus is dealt 
with, and various other grassland types are discussed in order 
of succession (1925). These sites were revisited by 
Hope-Simpson in 1936 and further observations made on the later 
stages of succession. (Hope-Simpson 1940). A preliminary 
survey of the whole South Down area has also been made by 
Tansley and Adamson (1926), and Hope-Simpson has followed up 
this work by re-studying most of the areas first visited by 
Tansley and Adamson, so that changes taking place were 
recorded. (Hope-Simpson 1941). Included in this series is an 
interesting investigation of the water economy of the chalk 
flora by Violet Anderson (1927). The woodland and chalk scrub 
types of Ditcham Park, Hants., have been surveyed by
2R.S. Adamson (1921) and the early stages in the redevelopment 
of woodland from chalk grassland by the exclusion of the 
grazing factor has been investigated by Tansley (1922).
Much work has been carried out on the development of 
beech wood types and their regeneration by A.S. Watt (1933 & 34) 
This work has been confined to the Chilterns and South Downs 
and the investigation into the status of Yew made entirely on 
the South Downs (1926).
lore recently the observations of G.ÏÏ. Locket (1945-6) 
have been made over a number of years on the colonisation of 
bare chalk on a quarry in Middlesex and is followed up by an 
investigation on availability of water in chalk under various 
conditions (G.E. Locket 1945/6).
(References to work on the Bryophytes of the chalk grasslands 
have been omitted here and are included in part II which deals 
particularly with this aspect of the investigation).
3II. GENERAL INTRODUCTION.
In spite of the fact that the range of chalk hills 
forming the North Downs provides large areas of extremely 
interesting chalk grassland rich in many chalk plants, little 
or no attention has been paid to them by plant ecologists. In 
view ofihiis neglect and because at first sight these areas 
appeared to provide interesting features hitherto undescribed, 
it was decided to investigate the grassland types of the 
central region of these hills.
The area of the North Downs between Gomshall in the west 
and the Boxley area of Maidstone has been chosen for the main 
part of the investigation, as it is reasonably accessible from 
the outer London district. The main line of the escarpment 
is south-facing, but is broken by the river valleys of the 
Medway and Darent and the Dorking and Croydon gaps. At these 
places the scarp forms a boundary to the river gaps and 
produces eastern and westerly slopes. The dip slope is 
characterised by numerous dry valleys some of the slopes of 
which tend to be northerly in aspect. True northerly slopes 
are rare in the North Down region in contrast to the South 
Downs and Chiltems. A feature which may contribute to some 
of the differences in the grasslands described by Tansley and 
Adamson and Hope-Simpson and those found on the North Downs is 
the higher rainfall associated with the more westerly sections 
of the South Down hills.
The grass slopes of the North Downs are not at present
generally used for any productive purpose; the chief grazing
4agent being the rabbit, which in places has resulted in the 
maintenance of Festucetum Ovinae. In a few areas this grazing 
is so heavy as to allow almost complete destruction of the 
turf. Where the rabbit populations are low, Brometum erecti 
is developed and this is sometimes utilised by local farmers 
as rough grazing for cattle. Cattle do not crop the ground 
sufficiently close to cause the destruction of Brometum, but 
do cause it to become partially open and facilitate the entry 
of some Festuca ovina.
Large areas of these downs are insufficiently grazed to 
prevent the development of scrub and it is difficult to find 
areas which are not, at least partially, influenced by scrub 
colonisation. A number of scrubby areas are used as pheasant 
reserves.
Little of the actual scarp of the Kentish Downs in the 
region under consideration is wooded, although the Surrey area 
in the Godstone district and at Boxhill^ the scarp bears a 
certain amount of woodland.
At the onset of the investigation a preliminary survey 
was made and it was soon found that the grasslands of these 
downs show great variety, and indeed present in places quite a 
patchwork appearance. Although "normal chalk grasslands" 
comparable to the previously described types occur, there are 
in addition a number of variations which appear quite unlike 
those described by previous workers, and it was considered 
that an investigation into the past land utilisation of such 
areas would probably be valuable in accounting for the
5seemingly anomalous communities, since historical factors 
were apparently important. Following this line of argument, it 
was considered probable that there were three main types of 
treatment which may be partly responsible for such various 
developments.
(1) Ex woodlandReversion to downland after
destruction of woodland by man.
(2) Ex a r a b l e D e r e l i c t  arable land, allowed to
revert naturally.
(3) Old ley fields:- Fields sown with ley grasses and
reverting to chalk grasslands.
Effort has been made to discover as many as possible unusual 
types of vegetation and extensive enquiries have been made to 
determine as far as possible the exact nature of the past 
treatments and the period of reversion.
Areas of "Old grassland" have been chosen whioh are as 
near as possible comparable in aspect, slope and exposure to 
the sites with anomalous vegetation, and wherever possible, 
adjacent to them, in order that a comparative study may be 
made.
It was hoped that the study of these areas might 
indicate the effect of previous usage and of time on the 
subsequent development of the vegetation, and to determine 
whether aspect, slope and exposure exert any great influence 
in the development and nature of these communities.
III. HISTORICAL BACKGROUND OF THE NORTH DOWNS.
(1) Historical Distribution of Downland Woods.
The past woodland distribution has been ascertained by- 
consulting old maps of various types and by verbal enquiries 
locally with a view to determing sites which bear communities 
developed after the destruction of the woods. Generally, it 
is true to say that woodland is far more widespread on the 
Downs today than it was two centuries ago.
The earliest maps of Kent, Andrew, Dury, and Herbert's 
Maps of Kent, 1779 show quite clearly that woodland was much 
restricted. These old maps show that there was a complete 
absence of woods both on the scarp and proximal plateau from 
Tatsfield Green on the Surrey border eastwards to the 
Trottiscliffe region, with the exception of a small wood on 
the top of Hogtrough Hill. At Trottiscliffe, woods began on 
the plateau a few hundred yards east of the position of the 
present Pilgrim's House, and continued on the plateau for 
about two miles, but did not extend downards to the scarp.
See Fig 1. The slopes of the Shoreham valley were devoid of 
woods (N.B. this includes Juniper Hill), Crookhom Wood is 
shown as open downland, but north of this point the plateau 
woods were apparently similar in extent to the present day 
with a gap opposite to Ladd's Farm (shown even in 1779) known 
as "Frenchers" which was presumably cultivated.
Bush Valley itself was almost devoid of wood, but a wood 
of much smaller extent did exist in the position of the present
Redwood. See Fig 2. All the slopes .around Luddesdown were
D istribution of W o o d l a n d  ^ -n.EjPROxiMiTyoPTHE S carp
BETWEEN TROTTfSCLIFFi'E & UPPER HAL LIN E
iRRCEi) FROM. /ÎN P R E \M i,I> U R V ,^ H E :R 6 E m  M r P o^  Ke n T  (<77^).
/j = WoOOkAND mi
(vX_ fiCESCNT UroOOMtMb VilP'' npeiT»oHfl«-TtoTHBT
R t o w K O  i M  n n q .
•tTTT-; Scarb
* 1 8
ootrWQ
KemHak Drvvar
KymASH
FARM
Fig.l. Distribution of Woodland in the Proximity of the Scarp 
between Trottiscliffe and Upper Hailing.
(Traced from Andrews. Dury & Herbert's Man of Kent 1779.)
8BUSH
CWUi^4
Uff>eR
W AkWMg
, /W"W9P0*-AND n%9 .
j  ÿ ; \ ' s  F A S S E N T  W o o O K A N O  A O D I T i ^ K A * -
"  ' 1o Tlfflr fcgcPi^DfiO IN ll'fQ.________
r». posiTiÉ^w dp ficftfcP.
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9free from wood. East of the Medway again, the Downs were 
quite open and free from woods to a location then called 
■Boxley Hill, in a position north of Westfield Wood and 
opposite the Lower Bell Inn. From here onwards the scarp was 
wooded as at present. An interesting point is tha,t the old 
map shows scrub spreading into what is now Festucetum in 
the Warren south of Westfield Wood. The 1819 Ordnance Survey 
map does not show much change in the woodland situation 
except in the White Wood region which had by then developed 
almost to its present extent; also woodland was forming on 
Crookhorn and extending down towards the north slope. A 
similar state of affairs was found to exist on the Surrey 
Downs. The 1819 Ordnance Survey map shows woodland on the 
Downs and the plateau between Gomshall and Dorking restricted 
to a patch approx. one mile square in the region of Oaken 
Grays, opposite Leasers Barn, and in this area the wood 
extended down the scarp for about % mile. The woods of the 
Boxhill region were also much smaller in extent than at 
present.
One small area where woodland appears to have been 
destroyed is in the Downs region, opposite and slightly 
northwards of Darwin’s Orchid Bank. This region has been 
further investigated from the old 6" maps of the region.
There is much evidence from old estate maps and old 
botanical records to show that the large areas of open 
downland of those times were regularly pastured by sheep and 
Festuca ovina was the maintained community on these hills.
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The quotation from Dillwyn & Turner’s “The Botanist’s guide 
through England and Wales” Vol.l. p.355 when describing the 
localities of Orchis purpurea, “on chalky banks abounding with 
milk wort and Juniper, near woods and in the woods themselves 
in many parts of Kent, especially about Rochester, in great 
abundance" is certainly suggestive of a grazed downland 
slopes, and provides evidence of a wider distribution of 
Juniper.
(2) General Historical Record of Land Utilization.
(i) Management of Woodlands in the district extending 
from Chatham Hill to Charing.
(Quotation from Agric. Kent. Boys paper for
Kent Agricultural Socy.)
“Woods are situated mainly on the clay with “
“flints. Where chalk is the chief component, “ 
“growth iQ slow and the wood of little value and “ 
“is cut generally from 10 - 14 - 18 years growth.“ 
“Hop poles are the chief articles which make wood” 
“valuable in these pants. "
“The best poles are of chestnut, ash, willow, “
“maples of about 18 ft. long. *
“ ’Ordinary poles’ are of oak, gascoign, red “
“birch and hornbeam the last two being very “
“inferior. "
“Stakes and binder are from hazel, ash, oak, “
“willow and maple, beech is used for wheels. “
“Table of Local Woods with Type of Timber and 
Their utilisation."
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“Pennenden Heath Wood, Boxley. Gravel. Hop poles
“Fright Wood, Aylesford and 
Boxley.
“Burham Downs (described as
waste)
Chalky
flint
gravel
loam.
Gravel, 
clay, 
some flint.
Oak, ash 
beech.
scrubby, 
aak hazel.
“Squirrel Wood, Stockbory. Chalk 2ft. beech,oak
down covered with for cord- 
loam and flint. wood pavins;
few poles.“
“Binsborough Wood Thurham. /■ Chalk 4ft. 
(believed to be region (deep, 
west Bluebell Hill)
good ash “ 
some oak 
& hazel.
“Upper Bell Wood, Aylesford &
Boxley.
Flinty, Very ord- “
poor loam, inary oak, - 
some ash, 
hazel & beech 
ash underwood
(ii) Ploughing of the chalk hills.
An interesting quotation from Marshall 1798 on
“Agriculture in Southern Counties" chapter oh “Chalk
H
Hills", provides a certain amount of information 
regarding ploughed downland,
“There is much open down on the true chalk hills 
“unenclosed and in an open state. The parts covered 
“with strong clay are enclosed and this is true of 
“W.Hampshire and western division. The distinction
“in enclosure state on the different descriptions
/
“of soil is difficult to account for. Sheep are
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“kept indescriminately on each and the ’plow’ equally” 
"employed on each. He suggests the reason may be a ’’ 
"greater proportion of wood. Much of the strong land" 
"everywhere is kept under arable crop as are most of ” 
"the chalky lands with however a small portion of " 
"perennial sheep walks; but this I believe is on " 
"the decline. "
Boys says in "The Agriculture of Kent" (1813) in a 
chapter on Tillage p.66 -
"Chalky land cannot be said to be under any settled " 
"system of management, as there are almost as many " 
"schemes of practice as farmers; much of it is "
"downland or sheepwalks some of which, although no "
"material part, has been time out of mind, and some " 
"tenants are restrained veiy injudiciously from "
"breaking up the old Down. The practice has been " 
"chiefly, when old sheepwalks have been ploughed up " 
"to do it in wet weather in the midst of winter when ’’ 
"other arable lands are too wet to work for advantage," 
"and the principle inducement has been that of "
"employing the teams when they would probably be " 
"doing mischief on better soils. "
"This sort of land when so ploughed is usually sown "
"in March with black or grey oats which being "
"gradually overrun with charlock ’kurkle’ produce "
"very poor crops sometimes hardly worth harvesting. "
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"The crop of oats is generally succeeded by fallow and" 
"perhaps sown with coleseed and then oats v/ith clover " 
"and trefoil, after that the land can be folded, then " 
"a slight crop of wheat. "
Boys quotes several rotations used on the Downs and 
states all are bad and impoverished the soil; also 
straw from the Downs was used to nourish better soil 
and not returned to better the Down. He says also 
that no farmer ever thought of manuring the Downland.
(3) History of Anomalous Areas of chalk downland which have' 
been successfully ascertainedT
(i) Sites found to be old ex.arable.
(a) Luddesdowne area. Kent - I have been told by an
old farm worker at Luddesdowne Farm that almost
all the sides of the Luddesdowne valley were
arable until about 50 years ago. Another very
old farmer at Wrotham Water told me he can
remember helping in the ploughing of the slopes
of the .Luddesdowne valley using an old wood
plough and a team of four horses. Two banks in
this area were chosen for investigation and one
site in Redwood.
1. The northerly facing slope opposite Luddesdown^. 
church. Rational Grid 667,657.
2. Southerly facing slope on the opposite of the 
valley and slightly to the west and 
traversed by the electric power carrying
14
pylons. National Grid 663,664.
3. East facing slope in Redwood. National Grid 
681,662.
(b) Region of Crookhorn Wood, Snodland, Kent.
Three areas of anomalous vegetation have been 
found in this area and enquiries as to their 
history were made to the farmer of Ladd’s Farm, 
Lflr. Frithman. He was able to state that one of 
these areas was last ploughed 22 or 23 years ago. 
The remaining areas he said, had not been 
ploughed at any time within his memory; further 
enquiries of his father, Mr. Frithman senr., 
provided information about the remaining areas 
and he informed me that the other sites in the 
valley are considerably older and have been 
reverting for about 55 years.
1. South-east facing slope, west of electric 
pylons National grid 678,635. 22-23 yrs. 
reversion.
2. Region at head of valley, east facing and 
slightly sloping. National Grid 675,632 - 
about 55 years reversion.
3. Base of north slope of Crookhom Wood 
promomtary National Grid 68^4,63 - about 
55 yrs. reversion.
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(c) Kernsing, Kent
One area in this district has been found on 
the south facing escarpment above the village 
and slightly to the west of it. The footpath 
to Romney Street traverses the site. National 
Grid 55,593.
This site is reported by an old 
inhabitant of Kernsing to have been formerly 
arable and noteworthy for the fine potatoe 
crops grown, but it has not been cultivated for 
about 45 years.
(d) Titsey Hill and Tatsfield district, Kent/Surrey 
border.
Extensive areas of anomalous downland have 
been found in this district. One area divided 
into two fields below Pilgrim’s way^and an area 
of considerable extent, three fields^below the 
Westerham Road.
Two sources of information regarding these 
areas have been obtained; firstly, an old 
farm worker at Tatsfield Court Farm, who 
claims to remember these areas under 
cultivation, and states they were last 
cultivated in 1891, i.e. 60 years reversion.
The owner farmer of Pilgrim’s Lodge Farm 
estimated that the areas had been fallow and 
reverting for about 55 years, and during that
16.
time be said there has been very rough grazing 
by cattle in spring time, but this grazing has 
always been light.
It seems then quite certain that these areas 
have all been under the plough, although there is 
a discrepancy of five years concerning the time 
of reversion to a natural vegetation cover. The 
farm worker appeared to be more definite about 
the length of time than the farmer, but it is 
doubtful whether five years would show much 
change in the vegetation of 55 years or more 
maturity.
The extent of the ploughed area is 
considerable, and shows some variation; it has 
therefore been divided into sites.
Site (i) Tatsfield below Pilgrims Way.
National Grid 4,-256.
>
Site (ii) Tatsfield below Westerham Road.
1st field])
2nd " 1 National Grid 415,558.
3rd " )
(e) Chipstead. Surrey.
The site is a steep east facing slope at the 
head of Chipstead Valley. National Grid 274,574. 
This site is known to the aged occupier of the 
cottage opposite to have been growing corn long 
ago and estimates it is 70 years since it was 
last cultivated.
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• (f) Wrotham. Kent.
An interesting area has been found on 
a gentle slope between Wrotham and 
Trottiscliffe, North of Wrotham Water Farm. 
National Grid 622,60. The slope is south 
facing, and it was ascertained at Wrotham 
Water Farm that this land was last 
ploughed 40 years ago. The last crop 
harvested was lucerne.
It will be observed that the age of 
vegetation of these reverted ex arable areas, 
with the exception of the first site at 
Crookhom, ranges from 40 to 70 years and 
this coincides with the historical events 
recorded in English Social History by 
Trevellyan, which shows
(i) That during the Napoleonic Wars 
the price of c o m  increased to 
about three times, and there was a 
great ploughing campaign which took 
the plough on to the downs. Rents 
of farms, then based on the area of 
arable land increased.
(ii)After the war there was little 
profit obtained from the many poor 
lands under plough, and legislation
was introduced to protect the
18
f armer, resulting in the C o m  Laws.
(iii) In 1846 the Corn Laws were repealed, but 
this did not check agricultural 
prosperity owing to the increased use of 
agricultural machinery and the rapidly 
growing population; there was also at 
this time a great improvement in livestock 
breeding. More lands were brought under 
the plough.
(iv) 1870 Peak of agricultural prosperity.
(v) By 1875 free trade was beginning to have - 
an effect and cheap corn started to enter 
this countzy from the developing prairies 
of North America. This resulted in a 
decline in ploughing, and an increase in 
dairy farming.
It seems that the age of the old exarable lands does 
in fact, correspond with the time which the 
historical account describes as a time of a decline 
in ploughing and that the variation in actual time 
of reversion depends on the fertility of the land 
and the ability of the farmer to gain a profit from 
its cultivation. I therefore suggest that the 
sites of oldest reversion were the least profitable 
areas, and this is in accordance with field 
observation; the oldest site being at Chipstead,
which is a very steep slope with shallow soil.
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The first site at Crookhorn is of great 
interest, as this seems to he of intermediate age 
between the old exarable and the recent exarable to 
be discussed later. This site was not discovered 
until late in the survey and the observations are 
not as complete as I should have liked; it is not 
included in the Bryophyte section.
It is, of course, realised that one site is 
not sufficient to enable definite conclusions to be 
drawn, but it is the only site which could be
found and will furnish an indication of the type of
development which may occur at that time of 
reversion.
It is probable that the majority of the sites of 
similar reversion period were destroyed by the 
ploughing of the last war.
(ii) Sites of recently reverting arable.
(a) Burham Down. Kent. National Grid 725,63.
This site is west facing and at the head of a
small indentation of the escarpment; it is of
considerable extent and accessible by footpath. 
The gamekeeper in charge of this area informed
me that this site has been fallov/ for seven or
eight years, and that previously the owner
attempted unsuccessfully to grow barley on it to
feed young pheasants.
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Hogtrough Hill. Near Brasted. Kent. National
This site is on a very exposed promontory in the 
escarpment above Pilgrim’s Way. Enquiries were 
made at Court Lodge Farm, and it was 
ascertained that this land had not been 
ploughed for ten years.
(c) Chipstead Fallow Field. This field lies on the 
west side at the head of Chipstead Valley. 
National Grid 272,571. It was learned from 
workers in adjacent fields that the field has 
been fallow for two years.
(d) Pilgrim’s Way. This is a south facing site to 
the north of the right angle bend in the 
Pilgrim's Way at St, Clare, West of Wrotham. 
National Grid 581,595. It was ascertained at 
Manor Farm, St. Clere, that this site was last 
ploughed in 1942, i.e. 9 years of reversion.
(e) V/hite Down Region. This site is on a steep 
south facing slope. National Grid 119,492. It 
was ascertained at Park Farm that this site was 
last ploughed in 1945, i.e. 6 years of reversion.
(iii) Sites of Reverting Ley Grassland.
There was great difficulty in finding a site of 
this type as the majority of grasslands are at 
present kept in good condition. One reverting ley 
field has been found at Hogtrough Hill, on the
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west side of the road to Cudham, above the chalk pit. 
National Grid 457,565. It was ascertained from 
Court Lodge Farm that it was last sown 7 years ago.
(iv) Sites of Scrub Clearance.
There are a number of features in the vegetation 
which suggests that scrub clearance has taken 
place
1. That the field layer contains an atypical 
vegetation with occasional areas of mature 
old grassland vegetation isolated in it.
The atypical area is irregular in shape and 
bounded by normal grassland.
2. That the atypical area contains either no 
scrub or scrub of a different age, which 
changes abruptly to that of the surrounding 
old grassland.
A number of such areas have been found although 
information regarding their age is limited.
(a) Shoreham - on the hill west of the village, 
National Grid 515,615. This area is said to 
have been partially cleared of scrub 25 
years ago by a resident in the village, and 
the statement is confirmed by a railway 
porter at Shoreham Station. The area has 
been re-cleared of scrub during the spring 
of 1951 after which it became useless for 
the purposes of the investigation.
22
(b) A section of the west facing slope of 
Juniper Hill, Shoreham fetional Grid 528,613
By comparison with the previous site on the
opposite side of the Shoreham valley, it would
appear to have reached about the same stage in
development, and I would therefore suggest,
about the same age.
(c) Eynsford an area of small size on North 
slope of Roundhill. National Grid 546,623.
No information available.
(d) Trottiscliffe. Kent - East of Pilgrim’s 
House. National Grid 638,61. It seems clear 
from the appearance of the scrub, and the 
nature of the vegetation that a certain amount 
of scrub clearance has taken place, although 
not over the whole area. It has been 
ascertained in the village of Trottiscliffe that 
no such clearance has taken place in the past
25 years, so that the reversion must have been 
taking place for many years.
(e) Hogtrough Hill, Brasted:- Region adjacent 
to the reverting arable field. National Grid 
461,566. It was ascertained at Court Lodge 
Farm that this area was cleared of scrub 3 years 
ago.
(v) Sites of destroyed Areas of Woodland
As already pointed out the area of woodland has
23
increased during the last 100 years, and after 
examination of old Ordnance Survey Lîaps (1819) only 
one site was suspected of being reverting destroyed 
woodland. This site is in the Downe district 
opposite to and slightly north of Darwin’s Orchid 
Bank. National Grid 448,619. This area has also 
been checked on the old 6” maps of the area: the
map of 1898 showed Hazel Wood extending approximately 
300 yards north of its present limit. The issues of 
the 6” maps are not sufficiently regular to show the 
date of the felling, but it would appear to have been 
between 1898 and 1 9 3 3. C-See-fig.
f Ar.rfWT r^wn# nrw .
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It is fully appreciated that the accurate 
(^termination of the past history of the areas to be 
considered, and the duration of reversion are of 
great importance in this investigation. Where 
information is given I believe the informant to be 
reliable, and where possible, corroboration has been 
obtained. The land owners or farmers have been 
consulted where possible, and in some cases the 
owners themselves have referred to older men in their 
employ. In regard to the older sites it is likely 
that in some'cases the times of reversion are only 
accurate to within two or three years, although it is 
unlikely that any fundamental changes in the vegetation 
will occur during such a short time in a community 
which has reached a maturity of fifty years or so. In 
the case of more recent sites a greater accuracy is 
obtained. The greatest gap in the information 
concerns the age of three of the cleared scrub sites, 
but the history and age of the other sites have been 
successfully checked.
Attempts were made to gain access to old tythe 
maps and parish records both through local rectors 
and the Library and Museums of the City of Rochester 
and of Maidstone, but without success. Although this 
further confirmation of the facts already acquired is 
desirable, it is believed that reliability may be 
attached to the evidence provided.
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IV. METHOD OF INVESTIGATION.
Throughout the investigation it has been intended that 
the work should be of a survey nature. It was regarded to be 
of greater importance at the present stage of study to obtain, 
as far as possible, a general picture of the grassland types 
over the area as a whole than to undertake a detailed study of 
a few areas which it would as yet be quite unjustifiable to 
regard as typical of the area. This method involves the 
consideration of as many sites as possible of each type of 
community. It was proposed to show the effect of past land 
utilization on the type of community which develops and to see 
the effect, if any, of aspect, slope, exposure, and degree of 
grazing. Accordingly sites have been chosen to enable such a 
comparative study, and these have been divided into the types 
of community and each type further sub-divided according to 
the aspect of the slope. On each site the species have been 
listed at different times of the year, and their importance 
in the community indicated by a frequency figure, so that as 
complete as possible a picture of the vegetation has been 
obtained. The winter months were occupied with an 
investigation of the bryophyte layer and this has been dealt 
with separately in Part ^
The angle of slope on all sites has been measured and 
notes made on the degree of grazing, exposure and any other 
features of interest. On a number of sites the soil profile 
has been drawn and some preliminary soil analysis made.
27
Method of estimating frequency of species of the Angiospermae 
The nature of the angiosperm cover unlike that of the bryo- 
phytes is relatively homogeneous within any given site, and is 
of a fairly suitable nature for quadrat estimation. It is 
possible to estimate percentage cover of each species, and in 
some species individual plants may be counted. This, however, 
cannot be readily achieved if grazing is heavy, and the 
grasses have formed a mat, or with creeping plants such as 
Thymus serpyllum and Lotus corniculatus, and many others which 
are prominant in some of the grassland types.
The number of angiosperm species found growing together in the 
communities under consideration is very great, amounting to 
over a hundred in all, and frequently 30-40 are listed from a 
single site. It is realised that unless large numbers of 
quadrats can be estimated no valuable statistical information 
is obtained. In view of the survey nature of this 
investigation, the complexity of estimating quadrats in this 
type of community, and the number of sites to be considered, 
it was decided to allocate a frequency figure to each species 
by sight estimation. This method is regarded as sufficiently 
accurate for the purposes of this survey.
It is hoped in a future study to undertake a more detailed 
and accurate analysis of a smaller number of sites selected as 
being specially instructive, after this survey has been 
completed. Although frequency estimation has been by sight 
it seems necessary to have an arbitary scale against which 
the frequency of a species may be judged to ensure a
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constant meaning of the figures.
Scale for estimating Frequency of Angiosperm Species.
1. Dominant. No arbitary scale has been used for dominant. 
A species has been regarded as dominant if it 
determines the character of the community and makes
up about 70-80^ the cover.
2. Abundant. Species up to 18’* apart.
3. Frequent. 18" - 4 ’ apart.
4. Occasional 4 - 8 ’ apart.
5. Rare. More than 8 ’ apart.
Species which are found only once or twice 
on the habitat are recorded as "very rare". 
"Local" has been added to the general list where species 
show a markedly uneven distribution over the site.
In making the estimation the whole site is traversed and 
the vegetation examined at a number of different points, and 
checks made on the figure originally allocated.
The above scale has been checked on different visits to 
a site, and little discrepancy found in the estimations.
7. ASPECT. SLOPE AND EXPOSURE IN RELATION TO THE FIELD LAYER 
The lists from similar types of habitat but with a 
difference in aspect and exposure have been compared, and the 
results indicate that these factors do not have any very 
pronounced influence on the character of the field layer 
community. The effect, however, is most marked with respect 
to the bryophyte layer which is highly sensitive to variation 
in microclimate, and a detailed consideration of the factors
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concerned has been given in the second part of this 
dissertation.
Measurements of the angle of slope have been made at all 
sites and the effect would seem to be rather indirect.
Firstly, very steep Brometum erecti is unsuitable for rough 
grazing for cattle, which tendà automatically to select the 
gentler slopes. Consequently, the steeper brometum slopes 
tend to bear a more closed community with little Festuca 
ovina and other species have a low frequency. On the slopes 
heavily grazed, and therefore bearing Festucetum ovinae, the 
effect depends to a large extent on the severity of the 
grazing factor. Where grazing is sufficiently heavy to keep 
the turf always very short so that it provides little 
stabilizing power to the soil surface a steep slope will show 
varying degrees of turf destruction caused by the do^wn-wash of 
soil resulting in much bare ground, and a litter of chalk 
debris on the surface. Such a condition may be seen on Ryarsh 
Down, and in some cases definite soil terraces develop as at 
Preston Hill. A more detailed account of the vegetation of 
such slopes will be presented in the discussion on turf 
destruction.
VI. CONDITIONS OFFERED BY THE TYPES OF HABITAT UNDER 
CONSibËRATÏON.
The habitats to be considered have been classified 
primarily on the historic factor as follows
1. Old Grassland.
2. Old Exarable 40-70 years of reversion.
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3. Intermediate Exarable 20-25 years of reversion.
4. Recent Exarable - 2-10 years of reversion.
5. Destroyed woodlands.
6. Cleared Scrub.
7. Reverting ley grassland.
(i) The Old Grassland type is subdivided according to the 
dominant species into Bremetum erecti and Festucetum 
ovinae. This is regarded as essential because the 
habitat conditions created by the two communities 
are distinct, although in nature it is possible that 
under a certain balance of conditions Festuca ovina 
and Bromus erectus may become co-dominant. These two 
types of grassland are referred to as Brometum and 
Festucetum respectively.
(a) Brometum Bromus erectus is a vigorous perennial 
grass which becomes established as dominant under 
conditions of light grazing. Under such 
conditions it will form almost pure stands which 
are unfavourable to the abundant development of 
other species.
(b) Festucetum Festuca ovina will maintain dominance 
under fairly heavy grazing. It is like Bromus 
erectus a perennial grass but is much smaller and 
has fine rolled leaves, and unlike those of 
Bromus erectus offer little resistance to decay. 
This together with the fact that the leaves of 
Festuca ovina are usually grazed fairly short,
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enables the continuance of a habitat which is 
quite favourable to the persistance of other 
species if they can withstand the grazing. It 
is also relevant to mention here that a zone of 
grassland dominated by Festuca ovina may usually 
be found at the top of a Brometum slope when 
bordered by woodland. The zone exists between 
the Brometum and the more shade tolerant 
Brachyodium sylvaticum and an example of this 
is illustrated in the transect and Maps of 
Juniper Hill at Shoreham, see Figs. 4, 5 and 6 
The factors controlling the development 
of this band of Festucetum are very obscure, 
and may perhaps be related to the different 
water relations of the soil^by absorption of 
water by the beech roots.
(ii) Exarable Habitats. The essential feature of the 
exarable habitat is that in the onset, a 
completely open space is provided for recolonisation 
by any of the available chalk plants which can 
become established. The old exarable sites show 
such communities at maturity, whilst the recent 
and intermediate sites represent stages in this 
development;.' Variousefactors will influence the 
developmental sequence, such as proximity of parent 
plants and the degree of grazing. The habitat is 
also unique in that the soil layers probably to at
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least 1 ft. in depth, will have been broken and 
mixed together, so that a clear soil profile, at 
least on the more recent exarable, would not be 
expected. Such soils may have been specially 
treated in various ways before reversion was 
allowed to start, although historical record would 
suggest that farmers generally failed to replenish 
the nutriments of the chalk lands, and that such 
cultivation generaJly led to a deterioration of the 
soil fertility (Boy’s Agriculture of Kent).
(iii) Cleared Scrub and Destroyed Woodland.
Such sites also providing area of completely 
open habitat differ from the exarable habitats in 
that it is unlikely that the soil layers have been 
disturbed or mixed to any very great extent. Leaf 
litter may possibly have enriched the soil with 
humus making a possible contrast to the exarable 
areas in which the crops will in the main be removed, 
and the soil deprived of humus.
As the original cleared scrub is developed on old 
Brometum and usually areas of such communities 
remain around, and sometimes isolated in^ the 
cleared areas^ the proximity of parent plants is 
probably greater than in the case of the other open 
habitats.
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(iv) Leyfields. Provide an already established
artificial community, growing on soil which has ' 
been disturbed and lightly fertilized which may be 
regularly grazed or allowed to grow for hay. In
both cases in time, the community may become 
sufficiently open to allow the re-establishment 
of some of the natural chalk flora.
VII. CONSIDERATION OF THE HERBACIOUS SPECIES.
The information obtained from the sites already discussed 
has been presented in the form of charts at the back of 
part I. This information provides the basis of the 
subsequent calculations and deductions.
A. General Constancy or Percentage Occurrence of Herbaceous 
Species in the Dovmlands of the Region.
The constancy figures have been based on the percentage 
occurrence of species in the 60 sites considered in this 
investigation and are listed in Table I.
Of the 110 species listed only 1 of these Poterium 
sanguisorba would be classified as a "constant" according 
to the terminology of the Zurich Montpellier School adopted by
Tansley & Adamson, which states that species with a
constancy figure 5, i.e. 80-100^ occurrence may be regarded 
as constants. Only 8 species qualify ,for a constancy figure 
of 4, i.e. 60-80^ occurrence and 11 species for a constancy 
of 3, i.e. 40-60^ occurrence. The vast majority of species 
have a percentage occurrence of less than 20, and a constancy 
figure of 1. The latter observation is similar to that made
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TABLE I
The percentage occurrence of species in the central Region
of the North Downs.
The figures have been estimated from records obtained
from the sixty sites studied and are the percentages of the
sixty sites in which, the! species occur.
Poterium sanguisorba lOOf.
Festuca ovina 73.7/» Galuim mo Hugo 41.6/
lotus corniculatus 71.6/» Briza media 41.8/
Calamintha clinopodium 53.3/ Bellio perennis 40.0/
Prunella vulgaris 63.3/ Fragaria vesca 33.3/
Viola hirta 62.0/ Medieago lupulina 33.3/
Hypericum perforatum 61.6/ Carlina vulgaris 30.0/
Origanum vulgare 61.6/ Helianthernurn vulgare 30.0/
Thymus serpyllum 59.3/ Holcus lanatus 30.0/
Carduus acaulis 57.9/ Teucrium scoredonia 26.6/
Carex flacca 55.5/ Veronica officinalis 26.6/
leontodon hipidus 55.0/ Erythraea c entautium 25.0/
Hieracuim pilosella 50.3/ Pastanica sativum 25.0/
Bromus erectus 50.0/ Polygala calcarea 23.3/
Plantago lanceolata 48.3/ Euphrasia nemarosa 23.0/
Blackstonia perfoliata 45.0/ Gentiana amarella 21.8/
Brachjipodium sylvaticum 45.0/ Senecio crucifoluis 21.8/
Polygala vulgaris 43.3/ Agrimonia cupatoria 20.6/
Dactylis glomerata 20.0/
33b.
Orchis pyramidalis
Galuim verum
Hypericum hirsutum
Ranunculus repens
Trifolium repens
Asperula cynanchica
Chrysanthemum
leucanthemum
Inula conyza
Sencio Jacohoea
Crepis capillario
Scabiosa arvensis
Ageostis stolonifera
Trisetum flavescens
Gymnadenia conopsaa
Silene cucubalus
Hippocrepis comosa
Potentilia reptans
Rumex acetosa
Agrostis tenuis
Echium vulgare
Kocleria cristata
Plantago media
Trifolium pratense
Anthyllis vulneraria
18.3/ 
16.6/ 
16.6/ 
16.6/ 
16 .6/ 
15.0/
15.0/
15.0/
15.0/
13.3/
11.8/
11.6/
11.6/
11.6/
11.6/
11.0/
10.0/
10.0/
9.3/
9.3/
8.3/
8.3/
8.3/
6,6/
Anagallis arvensis 
Achillea millefolium 
Calamintha Acinos 
Centaurea nigra 
Campanula glomerata 
Campanula rotundifolia 
Daucus careta 
Listera ovata 
Hepeta hederacea 
Ophrys apifera 
Orchis maculata 
Pimpinella saxifraga 
Veronica serpyllifolia 
Avena piatensis 
Arrhenatherum elatius 
Ajuga chamaepitys 
Cerastium arvense 
Cynosurus cristatus 
Euphrasia pseudoconeri 
Geranium molle 
Herminuim monordus 
Myosotis arvensis 
Poa pratensis 
Spiroea fillipendula
6.6/ 
6,6/ 
6.6/ 
6.6/ 
6.6/ 
6.6/ 
6.6/ 
6.6/ 
6.6/ 
6.6/ 
6.6/ 
6.6/ 
6.6/ 
5.0/ 
5.0/ 
5.0/ 
5.0/ 
5.0/ 
5.0/ 
5.0/ 
5.0/ 
5.0/ 
5.0/ 
5/
33C. .
Taraxicum erythrospermum 5.0?^ Epilobiura parviflorum 1.6/
Aynoglossum officinale 3.3/ Epilobium tetragonum 1.6/
Reseda luteola 3.3/ ïïieracium exotericum 1.6/
Avena pupescens 3.2/ Lathrus pratensis 1.6/
Carduus arvensis 3.2/ Leontodon autumnalis 1.6/
Convolvulus arvensis 3.2/ Lolium perenne 1.6/
Euph^ia amygdaloides 3.2/ Malva moscbata 1.6/
Festuca bromoides 3.2/ Ophrys aranifera 1.6/
Galuim cruciata 3.2/ Ophrys muscifera 1.6/
Lazula campestris 3.2/ Ononis are cl inata 1.6/
Phleum pratense 3.2/ Scabiosa succisa 1.6/
Premular vulgaris 3.2/
Veronica officinales 3.2/
Anthoxanthemum odoraturn 3.2/
Cephalanthera pallens 1.6/
Crepis taraxifolium 1.6/
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by Tansley & Adamson in their survey of the South Downs 
where they say "more than half the species recorded have a 
constancy of 1" (Tansley and Adamson (1926)), Tansley and 
Adamson, however, found that 16 species qualified as 
constants with constancy figure 5, and 19 species for a » 
constancy figure 4, Also there appears to be some variation 
in the lists of the more constant species for these tv/o 
regions of chalk hills,
B. Consideration of the species v/ith a constancy greater than 1 
(i,e. found in more than $Ù%) in the different habitat types
There are 37 species which have a constancy greater than 
1, and the constancies of these species have been calculated 
for each of the major habitat types - omitting from the 
calculations the destroyed woodland site, the intermediate 
exarable and the ley grass sites, as each of these types is 
represented by only one site and will be considered 
individually, see table II.
The tables may be summarized as follows
Number of 
Species
Number of Species with each 
constancy figure.
present. 5. 4. 3. ^ # 1.
1. Brometum. 35 4 7 6 11 7
2. Festucetum. 34 3 X 5 12 12.
3. Old ex 
arable. 37 17. I 9 7 1
4. Recent ex 
arable. 31 7 8 13 3 0
5. Cleared 
scrub. 34 14 6 5 9 0
The above figures demonstrate that the actual species
TABLE II
34 CL.
The percentage occurance of the species v/ith a constancy greater than 1 
in the five main t^ /pea of habitat studied.
These figures have been derived by calculating the percentage of the total 
number of sites in each of the habitat groups in which the species may be 
found. This has been called the percentage occurance of the species.
bpecies in order of constancy
Brometum Festucetum
Old Sx 
Arable
Recent Ex 
Arable
Cleared
Scrub
18 sites 16 sites 12sites 5 sites 5 sites
1. Poterium sanguisorba 100 100 100 100 100
2. Festuca ovina 42 100 100 80 80
3* Lotus corniculatus 83. 57 72 60 100
4. Linurn catharticum 63 85 83 60 80
5* Calanuntha clinopodium 63 37 100 60 80
b. Prunella vulgaris 65 37 100 80 60
7. Hypericum perforatum 44 43 100 60 80
8. Origanum vulgare 50 12 100 80 100
9. Viola hirta 66 52 58 60 100
10. Thymus serpylxum 33 62 100 40 40
11. Carduus acaulis 83 62 50 40 20
12. Carex flacca 44 50 67 20 100
13. Leontodon hispidus 61 31 75 40 80
14. Hieracium pilosella 61 37 58 40 60
13. Bromos erectus 100 37 8 0 0
16. Plantago lanceolata 22 19 92 60 100
17. Blackstonia perfoliata 44 37 75 60 20
18. Brachÿpodium sylvaticum 21 31 83 40 60
19. Polygala vulgare 50 31 33 40 60
20. Briza media 61 50 25 0 20
21. Galium mo Hugo 34 12 50 40 80
22. Belyis perennis 22 32 98 40 60
23. Fragaria vesca 17 0 66 80 100
24. îifedicago lupulina 34 6 67 40 40
25. Carlina vulgaris 34 6 58 40 20
26. Helianthemum vulgare 39 50 25 0 0
27. Holcus lanatus 6 19 59 . 80 80
28, Veronica arvensis 28 6 59 40 20
29. Erythraea centaurium 12 31 25 20 20
30. Pastanica sativum 0 6 83 0 40
31. Teucrium scorodonia 17 31 25 20 60
32. Euphrasia nemarosa 27 6 33 40 20
33* Polygala calcarea 34 25 41 0 0
34. benecio erucifolius 0 0 66 60 20
35* Gentiana amarella 17 19 33 0 20
36. Dactylis glomerata 12 0 41 40 40
37* AgTimonia eupatoria 18 6.2 33 40 40
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present in the different communities do not very greatly, and 
that most of the more constant species may be found in all five 
habitat types. There is, however, a good deal of variation in 
the constancy of the species present in the different types of 
habitat, and it seems apparent^that it is in the old exarable 
and cleared scrub habitats that the greatest number of high 
constancies is found. It should be pointed out, however, that 
the figures of the recent ex arable and cleared scrub are each 
represented by only five sites and must be judged accordingly.
An examination of table III shows that not only do the 
sppcies vary in constancy, but also in the abundance and 
therefore the degree of importance in the communities of the 
different habitat types. These differences are shown in 
Table III, where the percentage occurrence of each of the 
frequency figures has been calculated for each of the 37 
species in all five habitat types. This table shows a number 
of interesting features associated with these habitat types 
which will be considered separately.
T OLD EX ARABLE
(1) One of the most outstanding features demonstrated by 
Table III is the failure of either Bromus erectus or 
Festuca ovina to gain dominance in the old exarable sites; 
Poterium Sanguisorba gains dominance in IÇ^ pf the sites and 
co-dominance in 36^ of the sites (co-dominant being taken to 
mean co-dominant with the other species contributing to the 
turf). Calamintha clinopodium may also succeed in gaining 
dominance in the exarable habitats.
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(2) Another feature which is apparent to the observer 
in the field is the much greater abundance of the more 
constant species in the old ex arable sites. This is 
demonstrated quite clearly in the tables.
The following species arranged in order of constancy for 
the area, are abundant in a percentage of sites in exarable, 
which is always 25^ or more, greater than the number in which 
they are abundant in old grassland
1. Lotus corniculatus. 6. Origanum vulgare.
2. Linium catharticum. 7. Thymus serpyllum.
3. Calamintha clinopodium. 8. Carex flacca.
4. Hypericum perforatum. 9. Leontodon hispidus.
5. Viola hirta. 10. Hieracium pilosella.
11. Brachÿpodium sylvaticum. 
Three of these species are abundant in more than 25^ of old 
exarable sites and are never more than frequent or occasional 
in the old grassland types.
1. Leontodon hispidus.
2. Hieracium pilosella.
3. Brachypodium sylvaticum.
Some of these features may be clearly seen by reference to 
the sample quadrats Nos.14,15 and 16 tfej .
Pastanica sativum and Senecio erucifolius have a frequency 
figure of occasional in 50^ of the old exarable sites as 
compared with less than 20^ in the old grassland types.
It is apparent that all the species above mentioned will 
be much more conspicuous in the old exarable than they are in
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the old grassland types, and indeed the most striking features 
of these disturbed areas which causes one to consider them
I
distinct, is the unimportance of grasses, and the complete mat 
of vegetation composed of the commoner chalk grassland 
herbaceous plants. (Helianthemum and Polygala are not herbs 
but are indW§6 here for convenience). Festuca ovina does 
succeed in attaining the position of co-dominance on 18^ of 
the old exarable sites and it has 100^ constancy in these 
habitats.
One of the most interesting characteristics of the old exarable 
areas is the almost complete absence of Bromus erectus. It 
occurs, however, in old exarable at Chipstead where it is very 
rare, only a very few plants being found in the whole of the 
area, and one young plant was found in the first field at 
Tatsfield, and a few young marginal plants at Crookhom site(l).
(3) Tables II and III show, as would perhaps be expected, 
that the species which in old exarable show an abundance 
greater than in old grassland, are also those possessing a 
higher constancy figure in the exarable. It is worthy of note 
that there is also a number of species which have a higher 
constancy in old exarable, but are not markedly more abundant 
in many of the exarable sites than in the old grassland sites: 
such species in order of constancy for the region are:-
1. Plantago lanceolata. 5. Medieago lupulina.
2. Blackstonia perfoliata. 6. Holcus lanatus.
3. Beilis perennis. 7. Veronica arvensis.
4. Fragaria vesca. - 8. Dactylis glomerata.
38
These species, although not very abundant, contribute much 
to the character of these old exarable sites.
TT CLEARED SCRUB
(1) The areas of cleared scrub bear a very close 
resemblance to the old exarable sites, both in general 
appearance and composition.
(2) They are similar to old exarable in their non-grassy 
character, Bromus erectus being completely absent. Festuca 
ovina is of slightly lower constancy than in the old exarable, 
and does not become an important component on any of the sites. 
Most of the cleared scrub sites are isolated areas in Brometum, 
so that the absence of Bromus erectus owing to lack of 
available seed is an even more remote probability than in the 
exarable. Poterium san^isorba. Origanum vulgare and Carex 
flacca are all capable of becoming dominant. (Refer to sample 
quadrats Nos. 23 and 24).(F-W
(3) Some species appear to have a higher constancy than 
in the old exarable such as:-
Plantago lanceolate, Carex flacca.
Viola hirta. Lotus corniculatus.
Fragaria vesca. Teucrium Scorodonia.
(4) Most of the species which have a greater abundance 
in old exarable than in old grassland, also have a greater 
abundance in cleared scrub, although the difference is not so 
great. This is probably to be accounted for by the fact that 
all the cleared scrub sites are believed to be of more recent 
reversion than the old exarable.
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TTT RECENT EXARABLE
The recent exarahle differs greatly in appearance and 
composition to both the old exarable and cleared scrub. The 
differences are due no doubt to the newness of these habitats. 
These differences are not always apparent in a consideration 
of the species of general high constancy. This is because many 
of the species which contribute much to the character of the
I
community are restricted to these five habitats, and so have 
not been included in Table III because they are of low 
constancy. It is, however, worthy of note that even at the 
age of these communities Festuca ovina is present with a high 
constancy although not a conspicuous component.
Many of the species of a constancy higher in old exarable 
than in old grasslands have also already reached a higher ' 
constancy in the recent exarable; such as
Prunella vulgaris. Blackstonia perfoliata.
Hypericum perforatum. Brachypodium sylvaticum.
Origanum vulgare. ' Fragaria vesca.
Plantago lanceolata. Holcus lanatus.
These species have not yet attained the high abundance which 
is characteristic of the old exarable sites, but it seems 
likely that if these sites are left to revert for a sufficient
length of time, they v/ill come to resemble the present older
sites. cf^vLoJiico\i N o f ^ I 2^  P
T7  THE OLD GRASSLAND
It is interesting to note that the two old grassland types do 
not appear to differ greatly in the constancy and abundance
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of the commoner chalk species; Festuca ovina is more abundant 
in Brometum erecti than Bromus erectus is in Festucetum ovinae.
C . Consideration of the occurrence of the Rarer species
There are a great many species which fall into this category 
some of which may be regarded as characteristic chalk grassland 
plants. The different habitat types do not possess floras of 
the same richness.
Old Recent Cleared
Brometum. Festucetum. Exarable. Exarable. Scrub.
Average 22 18 36 28 25
No. of
Species. _______________________________________________________
It will be seen that the old exarable habitats have the richest 
flora, and the more recent exarable, and cleared scrub are a 
little above the old grassland types. The majority of these 
species appear to have no particular preference for the 
different habitats; a number of them, however, appear to be 
rather more critical, and the percentage occurrence for these 
have been calculated for the different habitats. These are 
shown in table IV and the figures have been calculated from 
the total number of sites of each habitat type, and they 
represent the percentage of these sites in which the species 
may be found. The species are arranged in order of constancy 
for the region as a whole. The intermediate exarable, the 
destroyed woodland, and the ley grassland sites are omitted 
from these calculations.
It seems that one or two of these less constant species, which 
are generally regarded as typical cbalk grassland plants, fail 
to become established in the disturbed habitats. Asperula
TABLE IV
Percentage Occurrence of the more critical species of low
constancy
Species in Old Brometurn Old Old Recent Cleared
order of Festucetum exarable exarable Scrub
constancy
Asperula
cynanchica 31 27 0 0 0
Ranunculus
repens. 6 6 25 80 20
Chrysanthemum
Leucanthemum. 33 6 9 0 0
Inula Conyza. 11 5 25 60 20
Silene
Cucubalus 0 0 25 20 20
Agrostis
tenuis 0 6 9 80 20
Gy rnnadenia
conopsea =22 - 19 , 0 0 0
Rumex Acetosa 0 0 19 40 20
Potentilia
reptans 6 0 25 25 0
Agrostis
stolonfera 0 0 9 60 0
Hippocrepis
comosa 32 6 0 0 0
Koeleria
cristata 17 13 0 0 0
Anthyllis
Vulneraria 17 0 9 0 0
Pimpinella
Saxifraga 0 0 25 0 0
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oyancMea and Hippocrepis comosa. although not among the 
commonest chalk grassland plants in this section of the North 
Downs, are absent altogether in the exarable and cleared scrub 
sites; this is true also of Gyrnnadenia conopsea although this 
species never becomes a conspicuous component of the community, 
as may Asperula cynanchicaand Hippocrepis comosa. Anthyllis 
vulneraria another very characteristic chalk grassland species 
is not at all constant on the North Downs, but where it occurs 
it appears usually to be associated with Brometurn, although it 
is local in the first exarable site below the Westerham Road 
at Tatsfield; Koeleria cristata, although present in the 
Brometum and Festucetum types is not found in either of the 
other three, and Chrysanthemum Leucanthemum seems to be more 
constant in Brometum. On the other hand, there are several of 
the low constancy species which may be regarded as 
characteristic of the exarable and cleared scrub areas. Of 
these Pimpinella Saxifrage has been found only in the older 
mature exarable sites, but the following show high constancies 
in the recent exarable and provide much of the character of 
these sites:
Ranunculus repens. Agrostis tenuis.
Inula Conyza. Agrostis stolonifrra.
Rumex Acetosa.
D. Intermediate Exarable. Site at Crookhorn - 23 years
reversion.
This is the only exarable site of an age intermediate 
between the recent and the old exarable, and as may be
43
expected, has a vegetation which is intermediate between the 
two. The community is non-grassy and the high constancy 
species are important, but have not reached the abundance 
seen in the old exarable sites; so that, species which are 
abundant in the old exarable may be frequent only, or locally 
abundany in the intermediate sites, and Agrostis species are 
still fairly conspicuous.
E. Old ex Woodland Site.
Only one site of this type has been found but it does
serve to indicate a few interesting features. It resembles
the old exarable sites very much in general appearance and in
most essential characteristics*^ Fifty herbaceous species
have been recorded and the conspicuous components are similar
to those of the old exarable sites. It seems likely that
some part of the site was covered with scrub at the time of
felling as there are one or two patches of pure stands of
Brometum which may have persisted undisturbed between the
scrub components. It is unlikely that it has entered after
the felling as elsewhere Bromus erectus is absent. The only
species present in the list which has not been found in any of
the other sites is Valeriana officinalis, and it is doubtful
if this has any significance. The site contains, however,
most of the species which are characteristic of the disturbed
sites, and particularly the old exarable, such as Pastinaca
sativem Silene cucubalus. Agrostis species. Fragaria vesca.
^ o G  q u a c l n c i i r  N o  2 ^
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F. Ley Fields.
Only one site of reverting ley grassland has been found, 
and this was so m  seven years ago since when it has been 
grazed by cattle. The grass which I have been unable to 
determine definitely is in good condition, although certain 
of the chalk grassland species have entered the community. 
Medigago lupulina a
Plaafcago lanceolata a
Origanum vulgare a
Festuca ovina f
Achillea millifolium o
Linum catharticum o
Lotus corniculatus o
Thymus serpyllum o
Agrostis stolanifiera r
Brachypodium sylvatioum r 
Galuim mollugo r
Senecio erucifolius r
G. Discussion.
A comparison of the herbaceous vegetation of these sites 
shows a number of very striking and interesting features 
which are difficult to explain.
It would appear that in this central region of the North 
Downs, when downland arable is left to revert it does not 
return to a grassland community, but that constant chalk 
downland species become very abundant and form a mat or turf 
of mixed herbs. Frequently it is difficult to pick out a
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dominant in such communities, and there are a number of species 
present which although not conspicuous components show a much 
higher constancy than in the old grassland types, where they 
may be absent altogether. The recent and intermediate exarable 
and the cleared scrub show stages transient to the more mature 
communities of the old exarable. Reversion after the 
destruction of woodland appears to result in the establishment 
of a similar type of community.
One of the most interesting characteristics of the 
reversion of downland arable is the failure of glasses to 
regain dominance. It has already been pointed out that 
Festuca ovina. a very constant member of the disturbed 
communities may reach the status of co-dominance. It is 
difficult to determine what governs the importance of 
Festuca ovina in the community, the obvious factor to consider 
is the grazing factor, but this does not seem to be the main 
influence, for at Tatsfield second field site, where it is 
important, grazing is only slight and the grass is tall and 
flowering. It is possible that the Festuca ovina becames 
established under conditions of heavier grazing, although it 
has been substantiated at Tatsfield that the cattle grazing 
has always been light, and scrub is well established. It is 
generally maintained that grassland on the chalk downs is only 
a plagiosere, and it would seem possible that in these 
disturbed sites where grazing is light, probably on account 
of the courseness of the vegetation which first colonizes such 
sites, Festuca ovina may fulfil its natural position in the
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flora where its frequency figure is occasional to abundant, 
and vaiying slightly in importance.
The absence of Bromus erectus in the disturbed sites is
far more remarkable, as under conditions of slight grazing it
readily becomes established in Festucetum ovinae which it will
quite rapidly replace. The lack of available seed cannot
reasonably be claimed to provide the answer, as a number of
such sites are adjacent to areas of closed Brometum, especially
in the cleared scrub sites. It may be possible that the
common chalkland plants when in the abundance they constantly
maintain in these sites, may create some condition which is
unfavourable to the germination of the Bromus erectus seed.
Even in the few sites where it is present, it is very rare
and it does not seem likely that it will become established
before it is overtaken by the closure of the scrub. Another
chalkland plant which one might have expected to be present,
in at least a few of the disturbed sites, is Asperula
/
cynanchica, and its absence is interesting. The general 
constancy of this species is, however, low, and it may be 
argued that its absence in the exarable and cleared scrub 
sites may be explained by chance distribution.
The high constancy and comparatively high abundance of 
Brachypodium sylvatioum in the old exarable sites is worthy of 
note as it is usually restricted to positions of shade, and 
will generally replace Bromus erectus in closing scrub 
Brachypodium sylvatioum is shade tolerant and under conditions 
of shade it can compete successfully with the Bromus erectus.
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which it fails to do otherwise. See Figs. 4, 5 and 6 showing 
maps of Shoreham, Juniper Hill illustrating shade zone of 
Brachypodium sylvatioum on edge of wood and scrub. It appears, 
however, that when Bromus erectus is absent and grazing light, 
Brachypodium sylvatioum may become a constant, and sometimes a 
conspicuous, component of the chalk downland flora of this 
region even in quite open areas as at the Kemsing exarable 
site.
An area of exarable land known as Coulters Dean, waste 
land on the Sussex/Hampshire borders has been studied by 
Tansley and Adamson (1925), and again by Hope Simpson (1941). 
The community established on this site appears to differ 
considerably from those which seem characteristic on exarable 
of comparable age in the central zone of the North Downs.
Hope Simpson describes the ungrazed portion of Coulter's Dean 
v/aste land as "an herbaceous - community lacking a strong 
representation of the constants and containing instead many 
species of low constancy in chalk grassland". Five of the 
species recorded as abundant in the list of Tansley and 
Adamson of 1925, are included in the list of species with a 
constancy of 5 in the survey of the South Downs in 1926. A 
number of species are the same as those in old exarable 
habitats in the central region of the North Dovms with the 
notable exception of Arrhenatherum elatius which is dominant 
at Coulter's Dean in 1925, also Centurea ni^ra and Scabiosa 
succisa have not been found to be either constant 'or abundant 
on the exarable studied on the North Downs.
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Fig.5. Sheltered Eastern End of Juniper Hill, Shoreham, Kent, 
to show:-
(1) Zone of Festuca ovina at top of slope.
(2) Shade zone of Brachopodium sylvatioum.
(3) Regeneration of Beech into ungrazed
Bromus erectus in conditions of shelter
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It seems, with a few exceptions, that it is the species 
of the highest constancies in the central region of the North 
Downs that are the most abundant in the old exarable areas, 
like Coulter’s Dean waste land however these areas do contain 
a large number of species many of which are of low constancy.
VIII SPECIES ASSOCIATED WITH TURF DESTRUCTION BY GRAZING
A few of the Festucetum sites which have been included
in the investigation are so heavily grazed by rabbits that the
turf shows various stages of destruction. It is relevant to
consider briefly, the species which enter the community after
turf destruction. Ryarsh Down is an area which shows such
turf destruction, and lists have been made of the species in
the intact turf and the broken turf for comparative purposes.
The following ate the critical species at Ryansh Down :-
Intact Turf Broken Turf
Teucrium Scorodonia. f. Teucrium Scorodonia. a.
Hypericum perforatum, f. Hypericum perforatum. a.
Frageria vesca. o.
Brachypodium sylvatioum. f.
Anagallis arvensis. o.
Rosa spinosissima. la
Rubus species. o.
Ajuga Chamoepitys. present
but not 
seen by 
M.W.C.
At Juniper top Boxhill a similar situation exists, and the
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following species are found in the region of broken turf: —
Nepeta hederacea d Prunella vulgaris 0
Beilis perennis a Teucrium Scorodonia 0
Calamintha Clinopodium a Rubus species 0
Origanum vulgare a Ajuga Chamaepitys r
Fragaris vesca a
Poterium sanguisorba f
Echiura vulgare 0
It would seem that the colonisation of the hare ground 
after turf destruction by rabbits, has a degree of similarity 
to that of the recently reverting exarable. It v/ill be 
interesting to watch the development of such areas and notice 
v/hether they ever regain grassy communities,
T3T ROAD CUTTINGS
It is interesting and worthy of note that on the 
extensive chalk road cuttings on Wrotham Hill the recolonisation 
appears to be going to a grassy community with Festuca ovina 
. the dominant. The community is still open and a number of 
other grasses are present such as Arrhenatherum elatius,
Trisetum flavescens. Avena pratensis, Phleum pratense, but 
also present were other species characteristic of both old 
grassland and exarable, such as, Pastinaca sativum, Senecio 
taraxifolium (exarable); and Scabiosa arvensis Chrysanthemum 
leucanthemum. Asperula cynachica, which are more characteristic 
of the old grassland types. It is quite apparent that the 
development is going to produce a much more grassy community 
than is found in the reverting ex arable, in spite of the
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fact that the grazing factor is likely to he reduced ov/ing 
to the steepness of the slope and proximity of the traffic.
This development may perhaps he attributed to the steep 
angle of the slope (45° is always used for solid chalk 
cuttings), or the fact that the development is taking place 
on raw chalk.
The vegetation of road and rail cuttings and in quarries 
develops on artificially produced bare chalk subsoil and may 
resemble the"primitive grasslands"; we may suppose it may be 
comparable in some respects to the development of primitive 
grassland v;hen the chalk was first exposed.
X CONSIDERATION OF WOODY SPECIES
The colonisation of these various types of habitats by 
scrub shows a number of differences which are rlevant and of 
interest. The conditions for scrub established in the 
different habitats vary considerably; the old grassland 
communities are unfavourable for rapid scrub establishment. 
Firsty, Brometum is usually fairly closed, the leaves are 
resistant, and tend to cover up any open spaces so that 
entry of the woody plants is usually slow. Festucetum remains 
so by virtue of being grazed, and this also is a factor 
unfavourable to the establishment of scrub as the seedlings 
tend to become nibbled off. However, there are only a few old 
grassland sites which have no scrub at all. It is very 
noticeable that in the old exarable sites scrub reaches its 
most complete development, and shows signs of becoming closed.
A possible explanation may be that these sites are not well
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grazed owing to the coarseness of the field layer, further, 
the vegetation although mainly perennial plants, dies down 
under the autumn frosts, and does not become well developed 
again until about mid-May. These two factors combined would 
seem to remove the obstruction to scrub entry.
Juniperus communis which is usually regarded as a very 
characteristic chalk shrub is remarkable for its comparative 
absence on the North Downs. The few localities where it 
occurs as at Shoreham and Hackhurst Downs, and Boxhill 
(Juniper Valley) show dying plants of very limited 
distribution. There is evidence to suggest that in these areas 
at least, and possibly in others, there was once a much wider 
juniper distribution (refer to quotation from Botanic Guide 
p. 10) and this plant may then have played an important role in 
the development of beech wood as it is described as doing in r . 
other chalk downland areas: it appears to have completely
ceased to fulfil this function in the North Downs area.
Crataegus mono^yna seems to be the most constant species 
to develop on Brometus, and Rosa species appear to be the 
preceeding pioneers. Scrub appears to be of a richer nature 
under conditions of shelter, as at Shoreham and Crookhorn. 
Cornus sanguinea is a little more conspicuous in Festucetum 
and the scrub a little richer than in Brometum. It is 
interesting that on very sheltered sites with light grazing 
Betula alba, B. pubesoehs, and Fagus sylvatica are capable 
of establishment without a preceding sere, see Figs. 4, 5 and
6, 7, 8 and The old exarable sites and the cleared wood-
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land site show plainly the development that scrub may attain 
in this section of the North Downs, and Cornus sanguine a 
seems to be specially favoured by this type of habitat, 
gaining dominance in a number of sites. This is true also for 
the sites of old cleared scrubland. It is noticed that this 
species is particularly susceptible to grazing, which is 
probably the factor which keeps it down in Festucetum. It is 
perhaps less light tolerant in the seedling stage than the 
Crataegus and Rosa which are important in the taller Brometum. 
Crataegus and Rosa are undoubtedly very resistant to grazing 
which may explain their importance in the exarable site of 
intermediate age at Crookhorn.
The recent exarable sites have not reached sufficient 
maturity to show a scrub development but it seems that Rubus 
species may come in early during reversion.
Fig.7* Beech regenerating into open Brometum on Hackhurst 
Sown. Suirey.
h seedlings with"cornus and Betula in open 
grassland on the Downs above Abinger HallT Surrey.
Eig. 9. Colonisation of Festucetum by Betula alba at
DarvviiT’s" Bank, Dov.ne ,Kent.
Fig. 10 c Mixed Scrub with Juniper at Hackhurst Down, Surrey. 
The foreground shows a beech seedling established 
in the protection of 6 larger species of Rosa.
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n  THE DOWHLMD OF EAST KENT'
The downlands of East Kent have not been extensively 
studied but on the visits made for comparative purposes, a 
number of features of outstanding difference to the central 
region of the North Downs were noted.
The general dominance of Brachypodium pinnatum is perhaps 
the first feature observed. This grass becomes gradually less 
abundant from the Dover region to Boxley near Maidstone, 
although one locality bearing thisgrass was found to the west 
of the central sector of the North Downs on the down above 
Leaser’s Barn, near Gomshall, Surrey. This grass, once 
established, spreads as a closed community, preventing the 
persistence of most other species, probably due to cessation 
of grazing.
Genista tinctoria and a number of orchids are found in 
plenty in plenty in this region of Kent and are scarce or / 
absent elsewhere. Orchis purpurea, is perhaps the most 
noteworthy of these, and details of this distribution may be 
found in the Biological Flora by F. Rose (Journal of Ecology).
The scrub and woodland of this easterly outpost of the 
Downs are most distinct. Fagus sylvatica is not at all common 
in the district, and appears to be replaced by Quercus spp.. 
Acer campestre. Fraxinus excelsior and HIex spp.
The general aspects of scrub development and 
distribution in the old grassland habitats of the North Downs 
may be regarded as joint field observation with F.Rose, with 
whom I am collaborating in the presentation of a paper on
this topic.
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TTT PRELIMINARY INVESTIGATION ON SOILS OF THE DIFFERENT 
--------------- ÏÏIEHlTg'-----------------------------
Ploughing and other soil disturbances will undoubtedly 
have some influence on the character of the surface layers, 
and these changes may possibly be contributory in determining 
the nature of the vegetation capable of developing during 
reversion. Of the three types of treatment considered, 
ploughing will have a more profound and uniform effect than is 
likely to be caused by felling and scrub clearance.
The effects one may expect to occur after ploughing may 
be summarised as follows
#
(1) Breaking of the soil profile.
(2) Weathering ^causing breaking down of soil particles 
possibly giving a greater clay fraction and more 
rapid leaching owing to lack of protection from the 
vegetation.
Some preliminary soil investigation has been carried 
out on a number of sites.
1. pH measurements have b'een taken in the field for a 
number of exarable and old grassland sites. All 
these readings came between 7.8 and 8.5 which is 
definitely alkaline, and I was advised that 
providing the soils are markedly alkaline a little 
difference in degree will not have any great 
influence on the vegetation cover.
2. The soil profiles have been cut and the chalk
horizon drawn on many sites. In all eases a number
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Fig.l3. Graph of the Humus profile from soils of different
h a b ita t types
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of profiles were cut, and the most constant one 
taken as representative.
An examination of the profile drawings shows a 
number of differences in the soils of the different 
habitats.
(i) The humus layer is well marked in the old 
grassland sites. It is lost in the recent
exarable, but redevelops in the old exarable to
a rather smaller extent than in the old
grassland.
(ii) The chalk particles are more finely divided in 
the exarable sites, which is an indication of 
weathering.
(iii) Flints in old grassland profiles seem usually
to be mostly confined to a zone immediately above 
the solid chalk subsoil, but in exarable sites 
may be scattered through the profile, and on the 
surface of the soil indicating the breaking up 
and mixing of the surface soils.
(iv) The clay layer is rather deeper and the
demarcation between solid chalk and clay is much
clearer in old exarable than old grassland.
5. The organic profile has been measured on 8 sites using 
Blackley and Knight's method. Three estimations were made 
for each profile and each sample consisted of a mixture of 
two random samples at the appropriate profile level. It is
appreciated that so few samples on each site are quite
59
inadequate, but they serve however to show thé general 
indications. The three samples in each profile consisted 
of 0-5 cm|^ 5-10 cmijijt and 10-15 cn^ and the results 
shown on the graph on page .... indicate that the old 
grassland of both types there are similar and well 
developed organic profiles. This is reformed in the old 
exarable, butin the recent exarable this is completely 
lost although the actual humus content throughout the 
profile does vary greatly. These samples are insufficient 
on their own to allow any conclusions to be drawn, but 
they do support the trends suggested by the examination 
of the actual profiles.
4. An attempt has been made to measure the calcium 
carbonate profiles of these sites, but little can be 
deduced from jthe results since quite a small lump of 
chalk in a sample will allow considerable fluctuation 
in the result, and large numbers of samples are needed 
to see the profile changes. Most of the sites, however, 
seem to show a slight calcium profile with the exception 
of the very recent exarable at Chipstead.
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Summary and Conclusions to An^iosperm Section.
1. Summary.
1. The chalk grassland areas between Gomshall in the 
West and Boxley Nr, Maidstone in the East have been surveyed, 
and atypical types of grassland community discovered.
2. Information concerning the nature and time of past •
i
treatraentof each of these areas has been sought and reported. : 
They are found to fall into a number of c a t e g o r i e s ^
1. Old Exarable - reversion 40 - 70 years, j
2. Recent Exarable " 3 - 1 0  years. !
3. Cleared Scrub ” 3 - 2 5  years. :
One site was found to be cleared woodland, and one
exarable of intermediate age. All these sites have been allowed 
to revert naturally. One area of old ley grassland has also |
been included in the study. j
1
3. Comparable sites of old Festucetum ovina^e grassland 
and old Brometurn erecti grassland have been chosen for !
comparative purposes. ^
In all 60 sites have been studied in this survey.
4. The vegetation of all the sites has been listed, and 
the frequency of species estimated by subjective methods. .
5o The angle of slope has been measured on all sites,
i
and the aspect, degree of exposure, severity of grazing have 
been noted at each site, and considered in conjunction with 
the species records.'
6. The constancies of the species have been estimated > 
both in respect to the region under consideration as a whole
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based on the 60 sites studied, and also for each of the special 
habitat types. These findings have been discussed on a 
comparative basis. The discussion falls into two sections, 
the first dealing with species of constancy of more than one, 
and the second with species of a constancy of less than one.
The community of the disturbed areas have been shown to have 
a number of interesting features, the most outstanding being 
tne unimportance of the perennial grasses asdominants, and 
absence of Bromus erectus.
7. The scrub development of the different types of 
habitat has been treated in a comparative way.
8. A brief study has been made of the vegetation on 
road cuttings, and on the species entering a community after 
turf distruction by heavy grazing.
9. Sample soil profiles have been drawn for a number 
of sites, and a preliminary soil analysis has been made for 
organic contents, calcium content and sticky piont.
2. Conclusions.
1. IVhen grassland in the Central Region of the North 
Downs is broken by ploughing or the existing vegetation is 
destroyed by scrub clearance or wood felling the grasses fail 
to gain dominance in the subsequent communities. Instead a 
turf is formed of common chalk grassland plants.
2. Festuca ovina may become a constant member of such 
sites and reaches a status of occasional to abundant which 
may be its true position in the flora of this region.
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3. Bromus erectus fails to enter the communities 
developing on desturbed sites, the reason for its absence 
being unknown.
4. Brachypodium sylvaticum is able to compete with 
other species present in the turf of the disturbed sites 
where it is constant and sometimes conspiquous, but in old 
grassland is confined to positions of shade.
5. A number of species show a marked difference in 
constancy between the old grassland and more mature 
communities of the disturbed sites.
6. The species with the highest constancy figures for 
the region as a whole are present in much greater abundance 
in the disturbed sites than in the old grassland.
7. A number of species show a greater constancy in the 
disturbed sites than in old grassland, but little difference 
in the status they attain in tiie respective communities.
8. In all the habitats the number of species with low 
constancy is great, but fourteen of these appear to show 
marked differences in constancy in different habitat groups 
and in some cases are restricted to particular types.
9. Roadcuttings, where the slope is steep, development 
taking place on almost raw chalk, bear grassy communities 
dominated by Festuca ovina.
10. Where the turf is destroyed by grazing it appears 
that a number of species typical of the recent exarable sites 
become established on the bared soil.
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11. Scrub development appears to proceed at a greater 
rate in the disturbed sites than old grassland and Cornus
sanguinea seems to be favoured by the disturbance except where 
grazing is heavy.
12. The grassland of the central N. Downs would seem to 
differ in a number of ways from that of the eastern N. Downs 
and from areas described by other workers.
13. From preliminary examinations of the soil it would 
appear that the humus profile is lost in the recently 
disturbed sites but redevelops after a number of years. The 
disturbed sites appear to differ from the old grassland sites 
in the deeper clay, scattering of flints and clearer 
demarkation between the soil and solid chalk sub-soil.
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PART il.
i .  General Review  o i présent work on B r^oph.ytes o f Cha lk  lan d s .
Included in Che studies by Watson oi bryophytes and 
lichens of various British habitats is a general account of 
species occuring on calcareous soils ( 1918) In this work 
Watson indicates species whicn may be regarded as calcifuge 
and also those which are calcicole and indifferent, in 
various calcareous communities. Watson does however point 
out that the cryptogamie flora of chalk had noc then been 
studied in detail. ' Since that time, Watson (195&) himself 
has published a further paper on che Bryophyte and lichen 
floras of beech woods and Hope Simpson (l94l) on Bryophytes 
and lichens in cnalk grasslands with a comparison oi their
I
occurrences in ocher calcareous grasslands. The last work 
however, which deals more especially with chalk grassland 
species, is based mainly on studies on the South Downs'with 
little attention to the other chalk lands of the British 
Isles. A study of the bryophytes of various types of 
grassland communities on the central region of the North 
Downs, from an ecological point oi view has therefore been 
made in connection with the study of the general ecology 
of grassland types in that region, ihe bryophyte flora
(2)
01 the iMorth Down region is far from unexplored. Records 
01 Uhe distribution oi the species on the Kentish downs 
have been collected by F.Rose, and are being incorporated 
in his Bryophyte flora oi Kent in the Transactions of the 
Briuisb Bry0logical Society.
The Bryophytes oi tnis region are, no doubt well known 
also to Wallace and others, but so far as can be ascertained 
no attempt has been made to compare and correlate bryophytes 
associated with angiosperm communities oi differing aspect 
ana exposure ana with different histories. In connection 
with the ecological factors affecting bryophyte distribution 
reference should also be made to the paper on the Ecology 
of Mosses byf.Richards in uhe Manual of Bryology.
11, General lines of the Investigation.
The areas which were visited in connection with the 
Angiosperm investigation have also been studied for their 
bryophyte communities. These sites have therefore been 
classified as before in respect of their aspect, type of 
community and past history for the purposes of comparison. 
Particular attention has been paid to the differences and 
similarities oi the floras of ex-arable lands and old
(5)
grassiaiias of varying character.
An investigation of this hind involves the examination 
of a large number of sites, - in all have been visited, 
but no attempt has beeu made to undertake very detailed 
studies of the areas concerned. As in the angiosperm 
investigation it was considered more valuable to study as 
many sites as possible then to concentrate on a few, and 
in this way to obtain a comprehensive survey of the situation 
on the Central region of the North Downs as a whole. Ite 
object has been to determine the main characters of the 
bryophyte layer by listing ail the species present and 
estimating their frequency in the community.
Ihis has provided a number of problems, the most 
outstanding of which has been frequency estimation. Ihe 
nature of the communities varied so much in stages of 
development, and individual sites frequently showed such 
heterogeneous communities of bryophytes that estimation by 
quadrat methods' seemed unsatisfactory; no standard unit 
would be suitable for all conditions. Occasionally also, 
bryophytes are arranged in micro zones and micro-communities, 
this feature being completely obliterated by the quadrat
method. In sites showing the bryophytes organised into
ik)
micro-coüiniunities each conmunitj wouia have to he estimated 
by a separate series of quadrats to have any sigaificanoe.
In view of these complications it was decided that such 
methods would provide little useful iniormation which would 
not more easily, and more accurately, be shown by estimations 
by sight in the field, supplemented by field observations on 
the species concerned.
Following this suggestion, it does however seem essential 
to adopt an arbitrary methoa of estimating frequency, better 
to ensure a uniform meaning to the frequency figures in all 
communities ana on ail occasions. This has been considered 
sufficiently accurate for the nature of the investigation.
It was also considered valuable to obtain some indication 
of the importance of the bryophyte layer as a whole at the 
period of its maximum growth.
111. Method 01 assessing frequency of Bryophytes in Chalk
Grassland.
An attempt has been made In drawing up this scheme to 
allow in the estimates for difference in growiih forms 
exhibited in different species, thus ensuring that small 
acrocarpous mosses and species which are usually present in 
isolated fronds of high frequency, are considered equally
(5)
with more widely spaced masses oi spreading pleurocarpous 
mosses.
The s Che me applied is similar in many ways to that used 
by Gimingham and Robertson (1950) It has been devised 
to enable a more accurate picture to be obtained of the 
true status of species contributing to the bryophyte layer. 
Consequently greater attention has been devoted to the gross 
formation rather than the details of the branching system.
The same species may show a different gross formation 
according to the luxurfence of growth and the other species 
with which it is associated. Ihuiduim histricosum at 
Westfield Wood, Kent, exists as isolated fronds of high 
frequency, but other areas have been found where this species 
IS locally dominant and mat or even carpet forming. It • 
does however seem clear tnat the pleurocarpous and acrocarpous 
mosses always produce different series of growth "forms" 
and have therefore been treafed seperateiy. Some distinction 
has'also been made between the different types of mat 
forming species and these do not correspond exactly with 
those used by Gimmingham and Robertson. A noteworthy 
difference is the recognition of the “shelf form" produced
(ü)
by Neokera crispa and which seems particularly suited to 
ius position on terrace edges.
A. Definition oi Terms.
Pleurocarpous Mosses.
(l) Wefts, - isolated fronds.
shelf e.g. Deckera crispa.
Pseudosce 1eropodium 
(k) Mats,-b" - k' diameter - pinnate e.g. purum.
Ihuidiuffl histricosum, 
Entodon ortho carpus. 
•Ctexddium molluscum.
elongate e.g.'Eurynchium Swartzii
(^ ) Large Mats,-2' - ij.' diameter.
(i|.) Carpet,- greater than i|ft. diameter.
Acrocarpous mosses.
Gu,shions, - 1'' - 5" diameter.
Clumps, - - b" diameter.
Large Ciumps,b“- 2' diameter.
lUrf, - greater than 2 ft. diameter.
B. Estimation of Freguenc.y.
Dominant. No arbitrary measure can be taken for dominance 
A species has been regarded as dominant when it 
determines the nature and character of the 
bryophyte community as a whole. Approx. 70“' 
cover by sight estimation.
(Y)
Abundanc. - Wefts every o"; cushions less than 1ft. apart
clumps or mats 1 - 2fc. apart.
Frequent, - Wefts every 1 - 2ft. apart; cushions less than 2ft
apart: clumps or mats 2 - qft. apart.
Occasional. - Wefts every 2 - ipf't. apart: cushions 2 - ipt't.
apart, clumps or mats 4 - oft. apart.
Rare. - Wefts more than hit. apart; eusions 4 - 6ft.
apart; clumps or mats more than oft. apart. 
Very rare. - Occurring only once or twice in the habitat, 
vi/hen species form carpets or turfs, they are regarded as 
locally dominant.
In making the frequency estimations the complete area 
was traversed and separate estimations were made at different 
points on the site, and m e n  sufficiently homogeneous the 
frequency figure decided upon, but when micro zones or 
communities exist, as at Preston Hill, local has been added 
in the general lists and supplementary lists or transects 
of the community made.
In most cases sites have been visited more than once, and 
frequency estimations have been checked on the second visit 
and the results compared. It was found that extremely little
variation occurs.
(«)
The percentage cover of the bryophytes has been
estimated by throwing quadrats of 1 metre x % metre at fairly
widely separated points. The percentage cover of each
quadrat was then estimated. 10 quadrats were estimated at
each site; a rectangular quadrat being used following
Glapham's recommendations (l952) It is realised that this
number of quadrats is insufficient to provide a 100^
accurate estimation, but it is regarded as giving a
comparative and reasonable reliable indication of the situation,
IV. Factors influencing the habitat conditions of the ground
layer.
It is quite apparent when considering different habitats, 
that there are a number of factors which have a profound 
effect on the microclimate ana general conditions of the 
bryophyte layer.
( 1) Northern aspects.
The northerly slopes of the North Downs are very 
limited in extent and provide very sheltered habitats. 
Their main significance is the complete shelter from 
the prevailing southwesterly winds, and they will 
therefore be more favourably to a lush bryophyte 
layer. No less important in maintaining these
(9)
favourable couaitioiis of high humidity associated 
with Northern aspects, is the protection from the 
sun not to be found on the southerly slopes. These 
slopes m t h  a northern aspect receive the afternoon 
or early evening sun only. This may be hot for the 
early part, but will gradually weaken as the sun 
sinks to the west. Further the angle made by the 
sun's rays with the grounu surface is very acute 
on northern slopes and the rays far more dispersed 
and ineffectual than the more vertical and 
concentrated rays falling on southern aspects.
(10)
Fig,, i» Diagram iliustracing the variaiioa angle of the sun’s 
ra.ys with grouua suri'aoe, arad-uhe elope aud dis per si ou of ra.y^  
Oil Noruh. ana South I'aciug slopes.
I'here are however ver^ lew areas in the North Down region 
which are truly northern slopes. Most ol them are either 
lac lug N.E. or N.Klf. Many ol these slopes are associated with 
dry valleys extending northward behind the southern escarpment. 
A good example ol this type ol lormation is seen at Boxhiii, 
and a lurther less grand example is all orded by the dry valley 
east ol By ne si or d. In such cases the north lacing slope is 
again protected Irom the sun, although the opposite side ol 
the valley (S.W. or S.E.) will be subjected to as prolonged
sun as the true southern slopes, but unlike the southern slopes 
will be protected Irom the south westerly winds.
(il)
(2) Southerly Aspects.
'ihe majority of the chalk hills in the North Down range 
have a southerly aspect, ana are therefore exposed to the 
prevailing southwesterly winds. In places protection from 
wind IS afforded bj the high range of Wealden hills lying . 
to the south, e.g. Gomshall arid Dorking regions. None of 
these slopes however have protection from the hot sun to 
which they are often subjected in summer. The species of 
bryophyte present will be determined by their ability to 
withstand the exposure of southern slopes during the hottest 
and driest period of the year.
($) Easterly and westerly aspects.
True easterly and westerly aspects are rare but where 
they occur, the slopes are protected from winds, particularly 
if.they are associated with the cry valleys behind the scarp. 
Unless northerly, as discussed, or by virtue of small 
northerly slopes formed by local topography, none of these 
easterly or westerly aspects is protected from the sun.
V. Effect of Slope on bryophyte floras.
The angle oi the ground becomes most important in old 
grassland sites, for extremely steep slopes will not at any
(12)
uiïïie have been suitable for ploughing. Most of all the 
effect IS seen in ola grassland which is heavily grazed, 
for here the shoru and less complete cover allows weathering, 
particularly by water, to produce soil terraces. These 
terraces are nou usually large, - one or two feet long and 
four or five inches high, and are caused by the slipping of 
the soil surfac layers. Such terraces are not common on 
the North Downs, and are more easily developed on grazed 
Festucetum which offers less resistance to weathering. They 
occur at Preston Hill, the N.E. lacing bank at Boxhill, to a 
small extent at Round Hill Eynesford in a region of Festucetum, 
but are known to occur elsewhere.
The transects across Preston Hill show the effect of 
grazing and slope on the bryophyte community. Transect one 
shows the community where the slope is gentle and the grass 
only a little grazed. Here the rich bryophyte flora permitted 
by the shelter is composed of a mosiac pattern of all the 
species present, gradually dwindiing towards the lower slope 
where the grass is longer. Here Acrocladium eus pidatum is 
the surviving species, being favoured by the protection 
offered by the taller Festucajovina.
(D)
The secoiid transect made further north on Preston Hill 
where it is very steep and heavily grazed by rabbits, shows 
probably the besu example of soil terraces. Here the 
bryophytes show a definite patterned arrangement around the 
terrace edges. At the top of the slope Meekera crispa and 
Meekera compianata dominate the terrace edges with 
Camptothecium lutescens creeping up behind. Immediately in 
ir.ont 01 the terrace is an expanse of bare soil and stones 
where the slip has occurred and is probably adaed to with 
each downpour of rain. On the lower slope where there is 
slightly more shelter Gtenidium molluscum joins the 
Camptothecium lutescens behind the terrace edge and Thiudium 
histricosum enters, but is never conspicuous as in the first 
transect. Meeker a complanata is lost in the lower slopes.
Exit ode n ortho carpus Pseudos clero podium purum, and Acrocladium 
euspidaturn which are found in the first transect are absent 
on the second steeper slope. f
Another very rich terrace bank is found at Boxhill, where 
the extreme steepness was artificially increased by the wearing 
out of a lane along the hillside over a hundred years ago.
As already explained this bank is one of great exception in
(iii)
coûtai ni iig the rarest species on the North Downs, which the 
extreme shelter of the habitat seems to favour. A transect 
has been made from the top of the spur above Burford Bridge 
down the north east slope. Down the sheltered slope 
Rh.ytidiade 1 phus-triquetrus and Hylocomium s piendens become 
coiispicuous . On the actual bank Rhy tidiadeIphus triquetrus 
becomes the more conspicuous. The terraces here are on a much 
steeper slope and are closer together than at Preston Hill and 
there is little bare soil. Again the edge of the terrace is 
dominated by Meeker a cris na with no Meeker a complanata ^ and 
creeping behind the Meekera crispa is Fullania tamarisci.
This seems to mix with the Meckera crispa and eventually creeps 
over It. On the flat tops of the terraces are Dicranum scoparium 
Dicranum bonjeani, Lophozia turbinata, and a certain amount of 
Gtenidium molluscum and Pseudoscleropodium purum. (See f-H)
The top of the slope contains Thuidium phiJiberti which 
is uncoimon on the North Downs.
The micro climate of a habitat will be inf luenced 
considerably by the degree of slope, for a -steep incline will
I
necessarily be better drained and have a greater run off than a 
gentle one. Also a steep slope will be afiected by a
(15)
coacenüraüioa oi ühe surins rays ou ihe ground surface and these 
slopes will be much hotter in suntner than gentle slope 8 01
Fig. 2. Diagram illustrating that the area of dispersion oi
I
Che sun's ra^s and the .angle of incidence increase with 
Increasing angle of slope.
Reference should also be made here to Section 111 showing 
the additional effect of aspect on dispersion of the sun's rays.
(ib)
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Fig. ij.o liansecü across the steep northerly slope above
Hurford Bridge, Boxhill, Surrey, uo show the changes in the 
bryophyte coiramiiaties as the shelter increases.
18.
General Introduction to the study of the Bryophyte Communities 
in habitats of different character.
Following the method of investigation described, it 
became increasingly apparant that not only do the North Dov/n 
bryophyte communities appear to differ in a number of ways 
from those described by Tansley and Adamson (1925 & 26) and 
Hope Simpson (1941) but that these communities show 
corfsiderable variation within the North Down region. Such 
variation is found in general, to be governed by a number of 
definable factors which may be attributed to the various 
types of habitat considered, and is not therefore entirely 
indiscriminate, although the aspect of chance distribution 
of species, which is an unmeasurable factor, cannot completely 
be ignored.
The openness, the age, and the aspect of the habitat 
appear to play an important part in determining the nature of 
the bryophyte layer, and these factors in their turn will be 
interrelated to the degree of grazing and nature of the 
angiosperm cover. Thus, it may reasonable be expected that 
habitats which normally show a certain combination of factors 
will have certain features of their bryophyte flora in 
common, and that sites with a widely different angiosperm 
floras will differ also in respect to the bryophytesy . ,
(19)
obey coxiüaiu. Foiiovang ühis iiuu oï argumeiiG oue would 
suppose übaû grazed Fesiuceuumouiuae will coalaixi a dii'ïereuG 
moss flora from Bromeiumerecti, aud again from, that of ex 
arable and cleared scrub. .Oue may also be led to suppose 
thaü sites with the same aspect aud comparable degree of 
exposure will show a uumber of similar teudancies in the 
build up 01 the ground layer interpolated upon uhe aiffereuces 
created by other factors.
Ihe previous workers on chalk dowuland bryophytes 
mentioned above have considered chalk grassland as a whole 
and have not attempted to show the influence of different 
habitat conditions. As with the angiosperm section of the 
investigation an attempt has been made to classify the sites 
considered into the major habitat types and each type has 
been subdivided with reference to aspect which is regarded 
as important. In the case of old grassland there are two 
major bryophyte habitat types namely the Brometum erecti and 
Festucetum oNinoe habitats. The other types are based on 
the differing historical treatments as discussed in part 1 
and are self explanatory. In each site the angle of slope has ‘ 
been measured, and degree of grazing, and exposure has been 
noted, so that both general trends and minor discrepancies may
(20)
be considered. The iniormation conceriung the species content 
oi the sites has been presented in uhe lorm ol charts. In 
order to demonstrate the chai^acteristic features of the bryophyte 
layer in the various habitats, each type has been considered 
separately, and the important features of the bryophyte floras 
of each habitat have been noted.
V.i. Consideration of the Bryophyte Floras of old Grassland.
A. Brome turn
Brometum on the North Downs usually exists where grazing 
is light as Bromus erectus is not tolerant to heavy grazing.
It provides therefore a fairly closed type of community which 
is nou generally favourable to the bryophyte layer.
Bromus erectus is a perennial grass which in summer 
is call and robust and must preclude much light from the 
ground. During the winter however much of the foliage will 
die down thus allowing a certain amount of bryophyte 
development. The leaves of this grass however seem to be 
peculiarly resistant and even when brown provide an' 
undecayed mass on the soil surface, and thus another feature 
unfavourable to mosses. The extent of the Jryophyte cover 
is however variable and is dependent upon the conditions of 
the habitat. It was observed that where Carduus acaulis can
(2i)
become established in the community an open patch is produced 
in the early autumn by the rapid decay of the rosette of leaves 
with coming of the first frosts. These patches when examined 
several weeks later bear a closed community of acrocarpous 
mosses such as Fis sidens cristatus and yfeisia crispa.
Some Ox the Brometum. slopes are utilized by local farmers 
for rough grazing by cows and horses which will eat the grass 
if they can find no more satisfactory fodder. Usually this 
grazing is light but even so may cause a slight opening of 
the Brometum, or if heavier may be sufficient go allow a 
considerable percentage of Festuca ovina into the community, 
and cause a general improvement in the conditions of the 
ground layer as at Qneendown Warren.
The record of mosses and liverworts found in Brometum 
during the winter months shows a number of interesting 
features.
(1) The bryophyte cover consists mainly of species with a 
high constancy on chalk grassland in the North Down 
region, e.g. Pseudoscleropodium purum, Camptothecium 
molluscum, Acrocladium euspidaturn. Fissidens cristatus, 
Ëurhynchium swartzii, and Thiudium histricosum.
These are all fairly robust pleurocarps.
(22)
(2 ) The liumber of species present In different aspecus
does not var^ a great deai but the percentage cover
appears to be dependent upon the degree of shelter.
Consequently northern aspects such as Juniper Hill 
Shorehaiii, Crookhorn, Boxhill Bank E.N.Ë., and 
Darwin's Bank have a noich greater cover of mosses 
than the more exposed sites.
In southern, eastern and western aspects 
Pseudoscleropodium purum is usually the most abundant 
moss being robust, large and better able to survive 
in the closed comr.urat^. In northerly aspects 
however where shelter is great, and humidity likely 
to be high BhytidiadeIphus triguetrus oiten becomes 
important and even gains dominance as at Juniper 
Hill Shoreham and E.W.E. slope at Boxhill above 
Buriord Bridge and at Crookhorn, where however, it 
18 only locally dominant. Hylocumium splendens may 
also come in, also RhytodiadeIphus squarrosus, but 
the latter rarely becomes important. Dicranum 
3 copai'ium may become abundant in sheltered conditions 
which are favoured too by Acrocladium eus pi datum and
Gtenidium molluscum
(25)
Acrocladium cuspidatum is abseuu altogether in 
exposed condiuions whereas Ctexadium molluscum 
becomes less abunaaxit. t
(it) The he pat ICS e.g. Made the ca laevigata. Ma dot he ca 
plat,y phy 11a,Fruilania Tamari s ci and Scapaxda aspera 
have been iouna only in northerly aspects with 
extreme shelter from dessication. Tortella tortuosa 
and Khodobryum roseum are also restricted in this 
way the Bank at Boxhill is the only site with many 
of these species present.
Species found in Brometum erecti which are 
restricted to northerly aspects:- 
KhytidiadeIphus triquetrus.
Hylocomium splendens.
Rhytodiadeiphus squarrosus 
Dicranum scoparium.
Dicranum scoparium is also found - but very locally at 
Que end own Warren which is not north facing.
All these species are recorded with quite high 
constancy on the South Downs by Tans ley and Adamson 
(1926) where the main line of the escarpment is 
north facing.
(2W
B. Fes tuceturn.
Festuca ovina is abie to survive quite intensive grazing, 
and is definitely favoured by rabbits and cattle for a fodder 
plant. Consequently most of the Festucetum on the North Downs 
is kept: Closely grazed and short, resulting in little light 
being kept from the ground layer, and usually a fairly rich 
bryophyte cover. Where the grass is short the mosses are 
however subjected to considerable dessication, especially in 
southerly aspects, as no protection is afforded by other 
vegetation. Where grazing is light and the grass is allowed 
to grow long, the line leaves and lower resistance of the 
leaves to decay do not produce a habitat as unfavourable as 
closed Brometum.
The records of bryophytes collected from seventeen 
Festucetum sites on the North.Downs, as illustrated in the
table, show a number of features which suggest that the
\
bryophyte coimnunities of this type of habitat are distinct 
and different from Brometum in a number of important ways.
(1) 'ihe constant chalk species are present, but are in
greater abundance than in Brometum; the constancy of 
some of these species is also different.
(a) Pseudoscleropoaium purum is less constant in Festucetum 
being present in 10 out of 1'/ sites 5 8.8% occurance
(25)
compared with 10(J^  occurence in Brometum. Dominance 
does no G often appear to be obtained by this species 
in Festucetum, only once in 18 sites examined and twice 
it becomes locally dominant at Hackhurst Down, where the 
grass is long; and at Downe, where it appears towards 
the base oi the slope in the longer grass.
(b) Camptothecium lutes ce os frequently becomes dominant in 
southern aspects especially where grazing is heavy, (as 
at Kyarsh) ana there is greater dessication.
(c) The constancy of Gtenidium molluscum is lower in 
Fescucetum than in Brometum, being found only in 9 out 
of lY sites 95% occurance compared with 11 out of lb 
bS>% occurance in Brometum. As in Brometum however, 
this moss is favoured by the shelter of the northern
aspects, where its constancy ana abundance increase.
On southern slopes however it may become quite important
I
where grazing is slight and the grass tall enough to 
provide a little protection from dessication. This 
growth of Gtenidium molluscum is fairly robust and once 
establisheu becomes quite conspicuous in semi-closed 
grass communities as shown both by the Festucetum
records and those of Brometum.
(2b)
(d) The coiis'üaiicÿ aud abunaance of H.ypnum cupress if orme var 
te Quorum is much greauer uhau in Brometum, This species, 
a spreading vigourous pieurocarp, may become extremely 
important, as it does slightly east of the Jumper 
scrub at Hacidiurst Down. Here it is the most conspicuous 
moss along a quarter of a mile - or more, of down. Less 
success is seen however, in northerly sites where 
competition with other bryophytes is greater.
(e) heckera crispa is much more important than in Brometum; 
the constancy in Festucetum being '( out of 17 (qi.2% 
occurance) and Brometum 5 out of lb sites (l8.7% 
occurance). A e n  established this species may become 
quite abundant and plays a conspicuous part in steep 
slopes where soil terracing occurs as at Preston Hill 
at the nortneriy euu. Here, together with Neckera 
complanata, it forms almost the complete cover on the 
terrace edges. Refer to transect which illustrates this 
point,
I
(f) 'The smaller pleurocarpous mosses such as Campylium
chrysophyllum may attain considerable abundance where
graziiJg is heavy and plenty of light is available; at
Boxhill spur above Burford Bridge it becomes locally 
dominant. This condition could not be obtained in an
(2Y)
Uiidergrazed coiiMUiu’C^  such as Bronie Gum*
(g) ïhiudium his Grocosuin shows a defiuice iucrcase in 
Fes Guceium compai'ed with Brome turn; æ undance being 
attained in h sites.
(h) Dicrainum scoparium may become important in northerly 
aspects as may Rhytidiadelphus triguetrus and 
Hyiocomium spiendeus. Rhytidiadelphus squarrosus 
may enter in these conditioiis but never becomes 
important. Ihis is comparable with the records made 
in Brome turn.
(2) A’ number of species are present in Fes tu ce turn grassland
which are absent in Brome turn. Many of these are
acrocarpous mosses and colonisers of bare ground 
produced by overgrazing.
(a) Anomodon viticulosus ^ a coijstant and important moss in 
Fes tuceturn but is never present in Brometurn.
(b) Ent ode n ortho carpus is conl'ined to Fes tuceturn except at
one site Darwin's bank, Downe, where it is found to grow 
in Brometum, Fes tu ce turn grassland.
(c) Other important species
Aloina ambigua.
Aloina aloides.
Ditrichum flexicaule.
I2ü)
Dicrane lia varia.
‘fri chos uüiiiuiii crispulum.
Ihuiciiuin philiberti.
Bryum pal lens.
Barbula unguiculata.
Fottia recta.
Fis side lis bryoïdes.
HypiiUiii cupressilorme var la eu no sum - (Downe)
(y) The hepatics as in Br orne turn are confined to places
with extreme shelter as at Boxhill. It will be 
noticed that Madotheca laevigata, Madotbeca platyphylla 
and Frullania Tamarisci are found on the southern 
slopes 01 Juniper top where Frullania attains dominance. 
In view of the previous remarks on southern slopes 
this would at first appear to be a direct contradiction. 
In fact however, the habitat conditions of this site 
are peculiar, in that there is a thick yew wood to 
within about 20 yds below che brow, which throws 
strong shadows, and is producing virtually northerly 
conaitions on these 20 yds of Festucetum.
(hj The number of species present in Festucetum is higher
than in any other Downland community considered, and 
IS much higher than in Brome turn; ipO species being
(29)
recorded iu the Festucetum. The percentage bryophyte cover 
in Festucetum is aiso greater than in Bromeium due no doubt, 
to the more open nature oi the augiosperm community.
Vll Consideration of Old Ex.ARABLE
The old ex.arable has been studied before the recent 
exarable because it would be expected to be more nearly 
comparable to the old grassland types.
In view of the different nature of the angiosperm 
community which develops on ex.arable land vÈich has been 
allowed to revert for 90-70 years, the bryophyte development 
has been sGudied with particular interest.
The condition of the ground layer in shade communities 
is somewhat different from that of old grassland. As already 
shown the field layer is not made up of perennial grasses, 
Bromus erectus usually being completely absent, although 
sometimes Fesuuca ovina may be present and become quite 
abundant. The majority of species present are perennial 
herbs such as Poterium sanguisorba, Calamintha clinopodium 
Origanum vulgare, and many others which during the summer 
provide a mat of vegetation, which however is soon killed 
by the autumn frosts. Thus, during the winter, conditions
are extremely favourable for bryophyte development.
(29)o-,
ïhe factors influencing the bryophyte layer however are 
not quite uniform on all sites and show several complications 
As already puintea out the exarable habitat favours the 
deveiopement of scrub, and this feature in particularly 
pronounced in sheltered conditions. I'hus a very sheltered 
site which would normally be expected to carry a high 
percentage cover of bryophytes may show low figures owing 
to the interference of scrub. I'his is a complication not 
founa on ola grassland sites where the close persistant 
nature of the vegetation prevents rapid scrub colonisation. 
Also, some sites may contain quite a high percentage of 
Festuca ovina which is seldom grazed to any great extent.
Ihe chart showing records made from ten old exarable 
sites on the North Downs does however indicate a number oi 
interesting features peculiar to these areas.
(l) ihe number of species present is always very low 
although the percentage cover figures show that 
bryophytes are frequently very conspicious. The 
relatively low figures at Tatsfleld 2nd, field site 
is probably to be attributed to a high percentage of 
Festuca ovina in the field layer.
( ) 0 )
(2) The specj.es Yirhich are pres^uu are uhose with high 
constancy in chalk grassland; the rarer calcicole 
species such as Torteila tortuosa. Pleurochaete 
squarrosa, Aloina aloides, and Aloina ambigua are 
not represented. Weisia crispa, and W.microstoma 
are absent, as are most small acrocarpous mosses.
Fis sidens cristatus, ana Anomodon viticulosus 
however may become quite important. Anomodon 
viticulosus becomes locally dominant at Kernsing 
and Fissidens is locally dominant at Chipstead.
(5) Both species oi Neckera are absent in all areas 
examined; Entodon ortho carpus is absent, and 
even in conditions oi great shelter, where it 
would be expected in old grassland Dicranum 
scoparium is also absent.
(il) At Luddesdowne where conditions are sheltered and 
the aspect is northerly Rhytidiadelphus triquetrus 
is important and becomes co-dominaut, Hylocomtum 
spleudens is abundant but Rhytidiadelphus squarrosus 
is rare. Under such conditions in a Northerly 
aspect oi ola grassland Madotheca laevigata and
M.platyphylla and possibly, Frullanio tamapi «nn.
(91)
may be expecced. It is possible that these species 
will eater the comminity iu time.
(9) Campto theoium lutes ce us is the most widely dominant 
species; Pseudosoleropodium purum is also extremely 
important and appears to become dominant in 
conditions oi medium shelter on southern slopes.
(b) Brach.ythecium rutabulum occurs on two sites at 
Tatsi'ield, but is not iound on any of the old 
grasslands area.
(7) Thuidiuni histricosum has a high constancy in old 
ex.arable
The ola exarable sites have in common with Brometum 
low species numbers, but difier in the much.greater percentage 
of cover and therefore tne conspicuous ness of the bryophyte 
layer. The lûgh constancy and importance of Anomodon 
viticulosus provides a link with Festucecum areas, which 
however, far exceed the exarable sites in the richness 
and interest of the bryophyte flora. -This is an interesting 
and unaccountable difference in the two types of habitat 
since both provide conditions relatively favourable to moss 
growth, and it is remarkable that more species do not enter
(92)
the comparatively open habitat oi the ex.arable.
Vlll KhGBnx M  ABAbLB.
ihe age of the recent exai’abie sites varies between two 
and eight years oi reversion, and consequently the habitat 
conditions vail vary on this account as vreil as by aspect, 
slope etc. Skelpe oi Oxiord has made an extensive study 
of the bryophytes of fallow fields In Oxfordshire but has not,
I believe, included fields reverting for a number of years 
neither has he looked at chalky fallow fields.
Ihe field layer of such sites included many arable 
species, but the numbers of the species typical of the sites 
of many years reversion increase with age. 'ihe bryophyte 
layer shows similar features as the conditions change from 
the extremes of the fallow arble with high evaporation and 
much exposure to sun, to the more equable conditions provided 
by a vegetation mat,
ihe records show the pleurocarpous mosses which were 
important in old ex arable are here relatively unimportant, 
and after two years reversion at Chipstead are only represented 
by Gampothe cium lutes ce ns which is still very rare. Small 
acrocarpous mosses make the major contribution to the bryophyte
floras of these sites. It seems however that once the
mpleur0carpous mosses become established, as thej have at 
tiigrim's Way site, the^ spread ana rapidly suppress the original 
cushion forming mosses to give a condition similar to that 
found in the old ex arable sites, ihe pleurocarpous mosses 
it would seem, come iu too quickly to allow the rarer 
calcicoles to establish themselves.
It appears that Gamptothecium lutes cens is an important 
colonizing pleurocar^^s moss, although at the Durham Down 
site BrachyGhecium rutabulum performs this role; also, 
owing to the opeu nature of the vegetation, the small 
pleur0carpous mosses-such as Eurhynchium swartzii, and 
Campylium chrysophyllum may become conspicuous.
Ihe number of species found in these sites is reasonably 
great ^ 2ii species altogether) although the percentage cover 
is low since the contributing species are mainly small 
acrocarpous mosses which do not appear to persist into the 
later sGages of reversion.
IX. IE¥F1ELDS.
The number of reverting ley field sites studies was 
very limited. Where such sites have been found, however, as 
at Hogtrough Hill, the community is very closed and allows 
extremely little moss growth; Eurhynchium swartzii and 
Campy lium chrysophy llM being the only two species found.
mThis vifouid no doubt depend upon the degree of grazing, but 
most sown grassland is now kept in good condition.
I. CLbaHED SCRUB.
The number of cleared scrub sites is small and their 
bryophyte flora is much as would be expected, comparing the 
conditions with the habitats already discussed. During scrub 
clearance much ground is laid open for re colonisation, but it 
differs from the colonisation of ex arable in the immediate 
proximity of well established pleurocarps of the old grassland 
habitats surrounding it.
Ale bough the number of sites showing reverting cleared 
scrub is not great and therefore, no very conclusive remarks 
can be offered, the available records suggest that they are of 
au intermediate character, betvfeeu old Brometum and. ex arable. 
Thej’ differ from Brometum in the greater number of acrocarpous 
mosses present, due to the opening of the habitat and in the 
presence of Anomodon viticulosus as at Shoreham. They resemble 
Brometum in the relative importance of the pleurocarpbus mosses 
and low percentage bryophyte cover. Unlike the ex arable 
the common pleurocarpous mosses spread rapidly from the
(99)
marginal cojiimunitj- and quickly become conspicuous as shown 
by the Hogtrough site which is only 5 years old,
XI. General trends shown by the comparative study oi' the 
above habitats.'
1. ‘ihe percentage cover of the bryophytes appears to be 
determined by two factors. Firstly, the openness of 
the community, so that Brometum has a lower percentage 
of cover than Festucetum, and old ex arable, usually 
the highest. Secondly by aspect: Northern aspects
of all the habitats considered always have the most 
complete cover.
2. Richness of the flora depends partly upon the openness 
of uhe habitat, but also upon the age and past 
treatment of the community. Festucetum has the 
combination of factors which produces the richest 
flora, and contains a number of calcicole species 
which are restricted to it,
5 . In all types of habitat considered. Northern aspects 
favour the development of Hyiocomium and related 
species although it is Rhytodiadelphus triquetrus
(9b)
which usually gaius dominance; Hylocomum spleudens 
being conspicuous and Rhytidiadelphus squarrosus 
rare. Ex arable appears to differ however from the 
old grassland types in the absence of Dicramum 
scoparium, Neckera crispa and the hepatics with the 
exception of Lophozia turbinata.
The bank at Boxhill seems to provide some 
special conditions allowing the establishment of 
Torteiia tortuosa, Rhodobryum roseum and Scopaida 
aspera which are found nowhere else on the North 
Downs.
ip. ihe outstanding feature of the disturbed areas is 
the relatively complete moss cover, but the poverty 
of the flora which consists only of the common 
North Down species, and none of the rarer calcicole 
species.
A general succession from fallow chalk fields on 
the North Downs may be devised as follows 
Fallow field.
(i) Acrocarpous mosses Barbula unguiculata;
Pottia species;- Phascum species.
(97)
(il) Entry of pleurocarpous mosses (two years 
Chipstead) with Gamptothecium 
lutes cens, or Pseudosoleropodium purum, 
but the acrocarpous mosses remaining 
dominant.
111) Spread of common pfeurocarpspto g a m  good
moss cover, and the consequent decline 
of acrocarpous mosses of all kinds to 
give conditions found in old ex arable.
111. GOi'JSlDEKAl'lON OF ThE DiSlBIBUflOiM & KEQUIREMnlS OF 
• ' ' iNBiVlDUali SPEGiES. ' • ' •
A study of the bryophytes in habitats of various kinds
besides providing useful information regarding the particular
types of community considered as a whole, will demonstrate
some of the features wliich help to govern the distribution
of the contributing species.
(1) Pseudoscleropodium purum. - attains dominance most 
easily in Brometum, but seldom gains this success in 
Festucetum or in northerly aspects where competition is 
greatest. In other aspects it appears to reach complete 
dominance only where there is moderate shelter.
(58)
(2) Gamptothecium lutes cens, - appears to be better able to 
compete with other bryophytes in exposed conditions: 
it does not attain dominance in Brometum, but may do so 
in exposed Festucetum or old ex arable sited. The latter 
being, perhaps, the most favourable.
(5) Gtenidium molluscum, - geiierally seems to select sheltered 
conditions and gains greatest success in northern aspects. 
It is most successful in old grassland communities, 
particularly Brometum, where the greater height of the 
angiosperm vegetation provides a little protection from 
dessication. It is not successful in old ex arable 
sites aad is absent in all those with a southern aspect, 
(k) Acrocladium euspidatum, -shows definite preference for
shelter but does not discriminate betv;een the type of site
(9) Fissidens cristatus, is widely distributed.
(o) Eurhynchium swartzii is occasional in most sites but 
sometimes becomes important in open habitats.
(7) Hypnum cupressiforme var te ctorum is absent in Brometum 
except in four sites with shelter, but does not become 
important. It may however, attain dominance in 
Festucetum. This is probably accounted for by the
prostrate nature of this species. This would definitely
39
definitely be unfavourable to it in Brometum, which is 
never closely grazed.
(8 ) Thuidium histricosum - is widespread throughout the
North Downs. An interesting problem in distribution is
provided by this species, since it is rare both on the 
South Downs and the Chilterns.
(9) Neckera crispa - is absent completely in ex arable, but 
may become very important in Festucetum - particularly 
in sheltered places, and plays a prominent part in soil 
terrace successions. It is present in Btometum, but 
never conspicuous.
(10)Entodon orthocarpus - is rare and is mainly confined to 
Festucetum with the exception of Darwin * s Bank, Downe.
(11)Rhytidiadelphus triquetrus - gains dominance in the 
extreme shelter of northern aspects, but is absent 
elsev/here.
Cl2)Hylocomium splendens - may become abundant in northern 
aspects and like Rhytidiadelphus triguetrus is confined 
to these slopes. Both these species are large, robust 
and can survive in Brojnetum.
(133RhjtidiadeIphus sqarrosus - is like the other Hyiocomium 
species, confined to northern aspects, but for some 
reason remains an inconspicuous member of the community.
(143Dicranum scoparium -mis another species requiring 
shelter and is confined to old grasslands; it is, 
however, a moss of rather rare occurrence on the North 
Downs.
40
(15) Anomodon viticulosos - is absent in Brometum but may-
become locally dominant in Festucetum and old ex arable. 
It does not compete successfully in northern aspects 
and clearly does not enter a community rapidly after 
disturbance, but when once established may become 
locally dominant.
(Are rare on the North Downs and 
are confined to the northern 
slopes with extreme shelter at
(16) Torteiia tortuosa
Encylapta streptocajrpa 
Rhodobryum roseum 
Hepatics ’Boxhill. On the South Downs 
'Where there are wide areas of 
sheltered northern slopes the 
^Hepatics are reported as much 
more abundant.
)OU Percentage occurance of the mnrm -pT-^r.,,ov,+ Species in the 41naiDit at s studied.
Brometum Pfestucetum
Old Ex 
Arable
Recent Ex 
Arable Cleared10 sites 17 sites 11 sites 4 sites 4 sites
1. Pseudoscleropodium 
purum. loo 58.8 99 50 100
2, Gamptothecium lutescens 80 87.5 99 100 75
3. Elssidena cristatus 73.3, 56.2. 72.7 75 75
4. Eurhynchium swartzii 46.6 37.5 90 75 100
5. Gtenidium molluscum 73.3 56,2 * 33 50 33.3
6. Thuidium histricosum 66.6 46.6 , 36,3 0 50
7. Acrocladium cuspidatum 40 41.1 72,7 50 100
8. Pissidens taxifolius 26.6 35.2 18.1 50 100
9. Gampylium chrysophyllium 40 47 45.4 75 0
lO.Hypnum cupressiforme 
var tectorum 20 53,5 9 0 33
11. Barbula fallax 20 29.4 18,1 75 33
12. Eurhynchium striatum 13.3 5.9 27.2 25 66
13, Neckera crispa 17.6 41.1 0 0 0
14. Anomodon viticulosus 0 29.7 45.4 P 33
15. Weisia crispa 20 11.7 0 25 75
16. Barbula unguiculata 0 23.5 9.0 50 33
17. Ehytidiadelphus 
triquetrus 26.6 23,6 9 0 0
18, Weisia microstoma 26.6 .29 0 25 0
19, Bryum capillare 13.3 11.7 0 50 0
2
20. Entodon orthocarpus 0 35.3 0 0 0
21. Khytodiadelphus squarrosus 5.9 13.3 9 Or 0
22. Brachythecium rutabulum 0 0 27.2 50 33
23. Hyiocomium splendens
24. Pottia recta
25. Dicramum scoparium
26. Dioranella varia
27. Ditrichum flexicaule
28. pleurochaete squarrosa
_ a n1]T_Um
13.3 
0
13.3
■ 0 
0 
6.6 
0
5.9 9.0
5.9 0
‘ _17.6 ^  0 
0 0
11.7 0 
5 0
11.7 0
0
50
25 ■
0
0
0
0
33
# 33
0
0
0
species -which occur in one site only have not been included.
^  'pe^ ce^ nta^ e- sutes 
TAîAuit ctAwg. sf^ e/UAS he . a^tond.
iAl
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The foregoing table demonstrates a number of interesting 
features, some of which have already been mentioned in the 
discussion on the specific habitats. Attention should also 
be drawn to the fact that it has been possible to find only 
four recent ex arable sites and only three of cleared scrub; 
consequently, the figures for these habitats may be misleading. 
The complete absence of a species being of most significance 
in tnese cases. The figures for the Brometum, Festucetum, 
and ex arable habitats have been estimated on a larger number 
of sites, and although not conclusive are reasonably 
comparable, and suggest the most important trends.
It appears that the common chalk pleurocarpous mosses 
are constant in all types of habitat considered, but it is 
apparent that the number of species with a high constancy 
is very limited in the old ex arable habitat. The figures 
obtained clearly demonstrate that Festucetum has the greatest 
number of constant species. Some of these are shown to be 
absent in Brometum but shared by the ex arable habitat, such 
as Anomodon viticulosus and Barbula unguiculata; whilst 
others are shared by Brometum and absent in the ex arable, 
such as Neckera crispa. Entodon orthocarpus. Ditrichum 
flexicaule and Trichostomum crispulum appear tobe 
restricted to Festucetum and Brachythecium rutabulum has not 
been recorded in any Festucetum, or Brometum studied, 
although it appears fairly constant in the ex arable lands*
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XÏV Comparison of Central region of North Downs and other
chalk hills visited
A number of other chalk hills have been briefly visited 
to attempt to show more clearly the real significance of the 
flora of the North Downs.
Areas visited:-
(i) The Chilterns of Hertfordshire and Bedfordshire.
(ii) The Chilterns at Watlington Downs, Oxfordshire.
(iii) Heyshott Downs, Sussex.
(iv) South Dov/ns between Seaford and Eastbourne.
1. The Chilterns of Hertfordshire and Bedfordshire - are very 
exposed indeed and in spite of their northerly aspect are 
very poor in bryophytes generally. Further the grazing seems 
to be very light for most of their extent, and closed Brometum 
is a dominant feature of these hills. The only significant 
gap in the Brometum discovered, are at Shocking Hoe and 
Deacon Hill.
The bryophytes listed from a number of localities 
suggest that the species present are all to be found on the 
North Downs but certain of the N. Down species are missing.
The most outstanding of these appears to be Thiudium 
histricosum. which, although I have never seen it on these 
hills, has I believe been reported in one place at the foot 
of Deacon Hill; as already mentioned, this is constant on 
the North Downs. However owing to the closed Brometum and 
exposure the percentage of bryophyte cover is always low.
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The grazed Festucetum of Deacon Hill contains the 
richest bryophyte flora found in thésè region and includes
TorWio. \'or)Tüosa^ _^______ _ which is very rare on the Chilterns
and has not previously been found in Bedfordshire. This is 
probably associated with the shelter of the site - the hill 
being at right angles to the main scarp. A species which 
is absent here and elsewhere in these hills and would be 
expected in similar Festucetum of the North Downs is 
Anomodon viticulosus.
Deacon Hill Ehockin^ Hoe
Campylium chrysophyllum la. Fissidens cristatus. f.
Fissidens cristatus. la. Pseudoscleropodiumpurum. f.
Neckera crispa. a.
Barbula fallox. 0 .
Pseuduscleropodium purum. a.
Campyluim chrysophyll
Clenidium molluscum. f. um. 0 .
Eurhinchium swartzii. f. Ci^enidium molluscum. 0 .
Acrocladium cuspidatum. 0 . Camptotheaum lutescens. 0 .
Barbula convoluta. 0 . Weisia microstoma. 0 .
Fissidens adianthoides. 0 .
Fissidens taxifolius. 0 .
Hypnum cuprossiforme 
var lacunosum. 0 . '
Weisia microstoma. 0 .
TortcUci he? t'ITu. 060.. r.
Fissidens adianthoides which is present at Deacon Hill has
not been seen on the North Downs All the specimens
collected suspected of being it in the latter area were
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found on close examination to be Fissidens cristatus.
Barbula convoluta is also a species not commonly reported on 
the North Downs. The adjacent site at Knocking Hoe provides 
a much poorer and less conspicuous bryophyte flora; the 
difference between these sites can probably be attributed to 
the increased exposure at Knocking Hoe.
The very exposed Festucetum on the end of the second 
spur at Barton shows an abundance of Gamptothecium lutescens, 
and this supports the remarks regarding the requirements of 
this species on the North Downs. Here also Gampylium 
chrysophyllum becomes conspicuous. The abundance of Neckera 
crispa in the shelter of Deacon Hill and a bank at Ininghoe 
where Rhytidiadelphus enters the community and the dominance 
of Gtenidium molluscum on the steep sheltered slopes of 
Barton cutting, is also consistent with the habitat 
requirements of these species on the North Downs.
It is probably worthy of note that the very sheltered 
piece of ex arable land at the side of Barton cutting, like 
that of the North Downs, shows a very complete moss cover, 
but consisting of a relatively few pleurocar%f|^ 8^pecies. The 
most conspicuous are:- 
Gamptothecium lutescens.
Gtenidium molluscum 
Gampylium chrysophyllum 
Eurhynchium Swartzii 
Fissidens taxifolius 
Fissidens bryoides
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Tortula ambigua was also found on this site, and this is a 
species which would not be expected on the North Downs ex 
arable.
Generally, the distribution of species on these hills 
shows similar habitat preferences to the North Down region,
2. Watlington Down is reputed to be a region of extremely 
rich bryophyte flora and the sheltered conditions allow the 
establishment of Tortellu\^ortuosa Madotheca platyphylla. 
Scpanèa aspera and Frullania tamarisci in the upper region, 
described by Jones as the mist zone. Thus this area of 
Watlington Down is similar in many ways to the Northfacing 
terraced bank at Boxhill. Again the shelter of this site 
shows many features in common v/ith the shelter of the North 
Downs. Foilov/ing the track up the hill a striking differ­
ence may be seen between the drier, more exposed slopes of t 
the chalk pit v/here Gamptothecium lutescens is dominant, 
with Entodon orthocarpus. Thuidium histrichosum, 
Pseudoscleropodium purum. Rhytidiadelphus sqarrosus and 
other species, and the more humid conditions of the mist 
zone where Neckera crispa. Rhytidiadelphus triquetrus and 
Hyiocomium splendens form an almost complete cover. A 
further difference may also be seen between the north and 
south slopes of the track; Gamptothecium lutescens 
maintains dominance to a considerably grearer height on 
the south facing slope where there is greater exposure to 
the sun. The habitat also contains a number of the raret
chalk species namely:-
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Encaljpta streptocarpa.
Entodon orthocarpus.
Pleurochaete squarrosa.
Thuidium philiberti.
Thuidium abietinum,
Trichostomum crispulum.
The latter two species of Thuidium are interesting because 
Thuidium philiberti is uncommon on the North Downs and 
Thuidium, abietinum is absent, although widely reported on 
the South Downs and in chalk grasslands elsewhere in Britain.
3. Heyshott Down. Sussex
' Heyshott Down on the main escarpment of the South 
Downs has a northerly aspect and has a rich bryophyte flora. 
Rhytidiadelphus triquetrus and Hyiocomium splendens are 
abundant with Rhytidiadelphus squarrosus rare in the 
community, comparable with similar slopes of the North 
Downs. Hyiocomium brevirostre and Rhytidiadelphus loreus 
are also present in the locality. Dicamum scoparium.
Neckera crispa and Neckera complanata, characteristically 
abundant on northerly cheltered slopes of the North Downs 
are conscpicuous, and Madotheca laevi;g:ata and Madotheca 
platyphylla, and SoBpania aspera are among the rarities of 
the North Downs which are here present in abundance, also 
a little Torteiia tortuosa may be found. The constant chalk 
pleurocarps such as Acrocladium cuspidatum, Pseudosceropodium 
purum, Camptothecium lutescens are conspicuous forming a
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heterogenous community. Other species present here also in 
local abundance are Antitrichia curtipendula and 
Rhacomitrum lanuginosum, absent on the grasslands of the 
North Downs.
ÀkkENDlX W  
BRïOPHï'fE SECTION
Appeiidix GO Bryophyte Secüion.
t’reiiiiâuary surveys oi BryophyGes on uhe grassiauà oi 
G he Noruh Dowiis show thav a number of species which are 
recorded as abuxiaaaG iu uhe SouGh Downs region are restricted 
in disGribuGion in G he Nor uh Downs; aiso Thuidium histricosum, 
which IS abundant in the North Dovms in a variety of 
commun!ties is rare in the South Dovm region, Hope Simpson,
( 1941) •
Madobheca laeviRate, is res'tncbea la the worch Downs bo 
Che North and worth East slopes oi Boxhill, but is, I believe, 
more abuudanu in the South Downs. Madotheca plat;yph;Ylla, 
on the other hand, is much more widely distributed in the 
chalk ana limestone regions.' Scapania aspera is markedly 
calcicole and also restricted to Boxhill in the North Downs , 
whereas Scapania gracilis a closely related species is 
calcifuge. A very common chalk grassland moss Gtenidium 
molluscum may be found in a different form in non-chalk 
woodlands. It would be interesting to discover whether the 
differences in these two forms are temporary and attributable 
to habitat conditions only, or whether they are of a more 
permanent nature with a genetical basis.
(2 )
With the problems of the anomalous distribution of 
some species of calcicoie mosses in mind, some simple 
pilot hrj'ophÿte cultures were set up with the object of 
trying to obtain som.e helpful evidence to augment that 
recorded in the field regarding the determining factors in 
distribution.
Possible important factors were thought to be calcium 
concentration, humidity and pH. A series of simple 
experiments with varying pH and calcium, have been set up.
The first experiment was an attempt to determine the 
sensitivity of Madotheca laevigata and Madotheca 
plat,yph.y 11a to calcium. The cultures were set up in 
crystallising dishes, using Knops solution, which is acid, 
on sand which bad been first thoroughly washed in concentrated 
HCl and distilled water. Two cultures were set for each 
species, one having standard Knop's solution and the other 
having the Ca(HO^) ^ replaced by RNOjj one then being 
without calcium and one having sufficient calcium for 
normal growth. Four fronds were set in each culture, the 
outline of each frond being first drawn on graph paper and 
the tip of each branch marked. lOccs Knop's solution and
(5)
10 ml. water were added to each culture. The sand was 
sloped so that the plants were not submerged in-the 
solution, but the sand was saturated by a pool of solution 
at the bottom of the slope.
The culture was leached out and fresh solution supplied 
at regular intervals. Covers were kept on the crystallising 
dishes at night, and removed during the day time, the 
solution level being kept constant by the addition of 
distilled water. Increase in length was then watched, the 
fronds being removed at regular intervals and the new 
outline plotted. This method does not provide a measure 
of growth by definition but of elongation. Since the 
moisture, light and tem.perature conditions were as near as 
possible the same for each culture, any discrepancies in 
elongation may reasonably be regarded as discrepancies of 
growth.
The graphs of growth show:-
(1) For Madotheca laevigata grovfth is retarded by 
lack of calcium but will continue with calcium.
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(2) For Madouheca plat.yph^ l3.a. groïrth will continue 
in both solutions, but eventually seems to be 
inhibited to a certain extent by lack oi calcium. 
'Ihis may be due to calcium deficiency in the 
plant preventing the formation of middle lamella. 
The rate of growth in culture is certainly much lower than in 
nature judging by the spread of Madotheca laevigata on the 
spur 01 Juniper top since the beginning of September. This is 
most likely due to the acid pH which is prooably a more 
important factor than calcium, Tne experiment was now reset 
both cultures having stanaard Knop's solution, but one having 
i? CCS. of Ca.SOi|. suspension present. Ca.SO^ is slightly 
soluble and will therefore supply an excess of calcium ion 
to the culture.
A second experiment viras set up in which an attempt 
was made to measure the rate oi growth by weighing; It is 
known that bryophytes will recover and grow, after they have 
been air dried for some time. The vfood ana chalk forms of 
Grenidium molluscu, Thuidium histricosum, Scapania as pera and
(^b)
Scapania gracilis vere selected, to culture. ite soil 
adhering to their rhizoius was removed, as far as possible by 
constant washing, care bein^ taKen not to damage the plants.
All foreign material and species were removed, and the damp 
planus allowed to drj in the air. Drying was continued in a 
dessicator until each sample had reached a consuant weight.
The samples were then soaked in glass distilled water for one 
half hour and planted in culture. There were two samples of 
each species or form, - one havin^ ml. of stanaard Knop’s 
solution and 5 mi* Ca.SOjf suspension added to damp sand, thus 
being provided vâüh excess Ga., and the other having “p ml. Knop’s 
and Ip ml. &lass aistilled water added to damp sand, and 
therefore having only uhe "norinal" calcium requirement.
The solutions were leached and replenished every 7 
to 10 days.
A number of diiiiculuies arose in connection with the 
las u* method vhiich undoubtedly give rise to inaccuracies.
(1) The time taken to reach constant air dry weight is 
excessive (lif. - lb days in dessicator)
(7)
2* Inaccurate results in weighing as the dried mosses
were very hygroscopic and took up wauer in proportion 
to the hum.iaity oi the atmosphere at time oi weighing, 
ihis can be reduced bj speedy weighing, but I consider 
une weighing accurate only to about .05 gm. This 
inaccuracy may be negligible if the growth is 
suiiicient.
5. The mosses became extremely brittle and the branches
broke at the least touch. Too many broken branches 
in the culture ai'e undesirable as thej maj< not show 
typical growuh.
!{.• A certain amount oi damage may be caused as a result oi 
extreme drying, although all the species concerned 
appeared to have soaked out satisfactorily.
5" ‘The moisture requirements oi each oi the chosen species 
do not appear to be the same, also the survival of the 
species varies. ihuidium his uricosum and Scapaiaa 
as pera appeared to be green and healthy, but 
Grenidium mol lus cum and Scapania grasilis looked very
(8)
unhealthy# This may be due to varying moisture requirements 
or to the acid pH. no results v/ere obtained as Thuidium 
his uricosum was the only one to continue to grow.
Another method of measuring growth by fresh weight 
was then tried. Ihe mosses were thoroughly washed to remove 
all soil adhering to rhizoids and dried with blotting paper 
until the surface was quite dry; they were then weighed 
rapdiiy, thus obtaining the fresh weight. If care was taken 
to ensure complete drying of the surface of the, moss and rapid 
weighing, this method appeared to be fairly successful.
The mosses used in the experiment were Gtemdium 
molluscum, wood and chalk forms ana Thuidium histricosum.
The culture solutions were (i) Knop’s, (ii) Knop’s plus 
Ga.SOit, (iii) Knop’s plus Ga.G05, ana care was taken to 
adjust the pH so that solution (ii) supplied calcium under 
acid conditions, ana solution (Iii) supplied calcium under 
alkaline conditions. 'The pH was checked every other day 
and when possible every day. The cultures were kept under 
lighted conditions for lb hours per day.
(9)
1. 2.
Solution
- Gm. Gm. Gm.
Cueiii dium 
mollus cum 
chalk form Knop's 5.2 .950 1.240 .290
Knop'8 CaSOlp 5.2 1.145 1.450 .05
• Knop's GaCO) 8.6 1.142 1.245 .10.
Gteuiaium 
mo ilus cum 
wood form Knop's 5.2 1.109 1.2o5 .150
Knop's GaS04 5.2 1.077 1.170 .095
Knop ' s GaG05 8.6 1.577 i.ij25 .048
Thuidium 
his tri cosum Knop'8 5.2 1.095 1.440 .545
Knop'8 CaSOi]. 5.2 1.125 1.114 .519
Knop's GaG05 8.6 1.110 1.255 .125
Observations on conditions.
1. Ccenidium molluscum - chalk form. - was healthy in the 
alkaline solution with calcium , but was slightly attenuated.
, (10)
In the acid solution vdth calcium it was only just 
surviving and slightly attenuated. In the pure Knop's 
solution many of the fronds appeared to be dead in spite 
oi the increase in weight. Those branches remaining 
alive looked extremely unhealthy.
2. Gtemdium mollus cum - wood form.
The most ouustanding feature of the culture was the 
markedly more healthy conditions of the culture in pure 
knop's solution. Both the other cultures with calcium 
appeared unhealthy, although the aklaline culture with 
Ga.GO) seemed to he surviving with greater success than 
the one to vifhich Ga.S04 had been added.
5. Thuidium histricosum.appeared to survive quite
successfully under any condition of pH and in fact, 
survived in cultures with a pH of J. It is interesting 
that the greatest increase in weight occurred in the 
culture of pure Knop's solution which was acid and 
lacked abundant calcium supply.
After vfeighing, the cultures were re-set and replaced
(il)
under uhe same conditions oi lighting, moisture, and pH as 
oefore; the following observations were made after a period 
of six weeks. Weighin^s v;ere not made owing to the complete
death of some of the cultures.
1. Gtemdium mollus cum - chalk form.
The culture in pure Knop's solution vms almost completely 
dead - with only a few isolated fronds surviving; the 
culture with additional Ga.SOij. was also nearly dead,-but 
with the tips alive and producing attenuated branches of 
ë inch length. iHe culture vath Ca.COJ appeared 
unhealthy but approximately 70^ of the cult'ore was still 
alive and producing attenuated fronds. 'The culture had 
taken a slightly yellowish colour which is however 
occasionally produced in nature.
2. Gtenidium molluscum - wood form.
It was again apparent that the culture in pure Knop's 
solution seemed to survive successfully, although 
attenuated branches of an inch or more in length had 
been abundantly produced. ' Ihe main branches retained a
(12)
healthy green colour. The cultures containing Ga.SOlj. 
and Ga.G05 were both unhealthy although the acid 
solution still contained some living branches with 
attenuated growth of an unusually dark colour. The 
alkaline culture contained very few living branches.
5. Thuidium histricosum.
Continued to survive in all cultures.
1)1 s eus s 1 on
The results oi these pilot experiments may in no 
way be rej^arned as conclusive, but indicate a number of 
interesting features concerning the culture of these species. 
Firstly it IS apparent that it is extremely difficult to 
create conditions of moisture, light and pH which will 
produce anything resembling the normal rate of growth found 
in the fields. This is particulai-ly true of the Eepatics 
under experiment which have been louna very difficult to grow. 
This sensxtivity to habitat conditions tvoula, perhaps, be 
expected in vievf of their restricted distribution. The wood
(15)
form Of Gtenidium mollus cum also appears uO be less hardy 
than the chalk form, and to survive more successfully in 
cultures without excess calcium, a feature which is reflected 
in its natural baoxtats. The abxlxty oi Thuidium histricosum 
uo vi/iths tand very acid solutions, to survive without excess 
calcium and indeed, to show a very hardy character is most 
remarkable considering the usual calcicole nature oi the 
species in this country, and its limited distribution on the 
chaikianu ox the British Isies.
Transplant Experiments.
Some experimental transplants have been mane using 
the wood form of Gtemdium mollus cum and species restricted to 
the sheltered habitats at Boxnill, suon as Tortelia tortuosa 
Scapania as per a, Fru 11am a Tamaris ci.
The first transplant vfas made to deternune whether 
the Wood form of Gtemdium mollus cum is a resuli, of habxtat 
conditions. A sample oi the wood form ox Gtenidium molluscum 
was planted on Preston Hill near Eynsford, Kent, and the site 
careiully marked. Before planting the sample had been well
(14)
V; as bed. to remove soil irom the on^i aai habitat; it vfas 
carefully planted in a situation previously occupied hy the 
chalk form. The planting took place in the autumn, and the 
area v;as re-examined in the early summer. It was found that 
not only had the wood form survived under the conditions of the 
chalk form, but had spread to approximately tvmce its original 
extent. A most interesting feature was the retention by the 
wood form of its initial morphology as distinct from the chalk 
form on this chalk habitat, which may suggest that the 
difference is a real one, with a genetical basis, and may not 
be merely an attribute of the habitat conditions. It should 
be mentioned that the site has a ilorth-Easterly aspect, and is 
therefore relatively humid and sheltered. In view of the 
indications shov/n hy the above culture experiments, this wood 
form may be "less hardy" than the chalk form in exposed habitats.
Transplants vrere made with 'fortelia tortuosa,
Frullania tamaris ci and Icauania as per a v/ith a view to 
determining whether their restriction on the North Downs may­
be attributed to chance distribution or whether there is some
(15)
special I'eature oi the habitat at Boxhiil which is favourable 
to their survival. The transplants were made on soil 
uerraces at rreston Kill .near BjiiSiord, Kent. This site was 
specially selected because it seemed to provide a habitat 
very comparable to the terraced bank at Boxhiil where these 
species are to be found. It differs a little in that 
although it is a very sheltered site it does not provide the 
complete shelter that is to be found at Boxhiil.
The selected species were planted on a terrace at 
Preston Hill in early summer in a corresponding position to 
the one from which they vfere removed at Boxhiil. The terrace 
vifas marked conspicuously and revisited later in the summer.
The T'orteila tortuosa vfas surviving quite satisfactorily, 
although the Eepatics had become very dried, and it seemed un­
likely that they'would recover. This may hovifever be accounted 
for by the fact thg.t they are less easily transplanted than 
Tortella tortuosa.
Summary of Arpendix.
A number of pilot culture experiments have been made
(io)
on bryphyLes vdiich appear to be critical in their North Downs 
distribution, and also on the two forms of Gtenidium molluscum. 
The experiments were designed to demonstrate the following:-
1. The survival of |iadotheca laevigata and Madotheca 
i'lat,, ch.ylla vmth ann Vifithout caicium using graphic 
measurements of growth. It appears that i;j.adotheca 
laevi gat a is more sensitive to calcium than
Mado theca i ; 1at y oh y11a.
2. The eiiect of excess calcium in acid cultures on the 
chalk and wood forms of Gtenidium moiluscum.
Scapania iracilis , Scapania as per a, Thui dium
his tricosum, using as a measurement of growth increase 
in dry weight. No satisfactory results vfere obtained. 
5. The effect of excess calcium in acid and alkaline 
cultures on wood and chalk forms of Gtenidium 
mollus cum, and Thuidium histricosum using increase in 
fresh weight as a measurement of growth. The results 
suggest that excess caicium and alkaline conditions 
are important for the grov/th of Gtenidium mo Ilus cum
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chalk form, but the wood form of this species is most 
successful without excess calcium. Thuidium histricosum 
appears to survive in any conditions of pH or calcium 
concentration.
Some experimental transplants have been made in an attempt to 
determine
1. Whether the wood and chalk forms of Gtenidium 
molluscum are due to habitat conditions. The 
experiment indicates that the difference between these 
two forms may be permanent, but the experiment must be 
continued for a considerable time before any conclusive 
results are obtained.
2. V/hether the species confined to the terrace bank at 
Boxhiil are there as a result of chance distribution 
or are favoured by a special feature of that habitat. 
Although further observations are necessary it would 
appear that the Tortella tortuosa is able to survive 
on Preston Hill.
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SUIvïïvi'ARY OP THE BRYOPHYTE SECTION.
1. The factors affecting the conditions of the ground layer 
in different dovmland habitats have been surveyed and 
considerable variation found.
a) Aspect is considered an important factor in controlling 
the bryophyte flora. Northern aspects contain the 
conditions most favourable for bryophyte development, 
being protected from wind and exposure to the hot sum 
Southern aspects are least favourable.
b) The effect of the slope of the ground has been
discussed and it has been pointed out that steep
slopes are always hotter than gentle slopes, steep 
heavily grazed Festucotum ovinae is found to be 
further influenced by the development of soil terraces.
c) The disturbed sites provide conditions of light which
are highly suitable for bryophyte establishment and
Bromentum erecti appears to create the least 
favourable conditions.
2. The bryophyte communities of the different habitat
types have been studied and on each site the species
have been listed and subjective frequency estimations
(19)
made. The perceiiüage br^ yophjfce cover has also been 
calculated for each site. The structure oi the 
bryophyte communities or the dii'i'erent types of 
habitat have been discussed separately followed by 
calculations of the percentage occurence oi the more 
constant species. These figures have been based on 
the fift,)- tvm sites sturned. A comparative study of 
the bryophyte floras of the different habitat types 
in relation to the aspect of the sites has been made 
and the follovâng deductions made : - 
(i) The percentage bryophyte cover seems to be
determined by the openness of the community and 
the aspect of the site. Northern aspects 
always have the most complete bryophyte cover, 
(ii) The richness of the flora depends partly upon tie 
openness of the habitat, hut also upon the age 
ana past treatment of the community. Festucetum 
ovinae contains the richest bryophyte flora.
(iii) A number of species are confined to the more
(40)
humid Gondiüions of northerly aspects. ‘
(iv) Some of the rarer species such as Pi in chum 
flexicauie and. hntoden orchocarpus are founa 
only in Fesiucecum ovinae. it appears uhat 
these rarer calci coles fail to enter the open 
habitats of the disturoed areas although 
conditions would appear to be favourable.
Other species found in Festucetum sites may be 
shared by Bromecum sites and absent in disturbed 
sites vMlst others may be found in the disturbed 
sites and lacking in Brometum.
(v; The disturbed sites are noteworthy for their 
very complete moss cover, and the poverty of 
their flora.
5# Ihe appendix deals with some pilot experiments 
in the culture of some of the more critical 
species.
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